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XIX- Obfervations on different Kinds of 
Air. By Jofeph Prieftley, LL. D. 
jr. /?• S. 



Read March 5, t ■ 1HE following obfervations on the 
1 2, 19, 26, 1772. J^ p r0 p ert i es f feveral different kinds 

of air, I am feiiiible, are very imperfect, and fome of 
the courfes of experiments are incomplete ; but a 
considerable number of fads, which appear to me 
to be new and important, are fufficiently afcertained ; 
and I am willing to hope, that when philofophers 
in general are apprized of them, fome perfons may 
be able to purfue them to more advantage than my- 
felf. I therefore think it my duty to give this So- 
ciety an account of the progrefs I have been able to 
make ; and I fhall not fail to communicate any far- 
ther lights that may occur to me, whenever I refume 
thefe inquiries. 

In writing upon this fubjedt, I find myfelf at a 
lofs for proper terms, by which to diftinguifh the 
different kinds of air. Thofe which have hitherto 
obtained are by no means fufficiently chara&eriiiic, 
or diftindt. The terms in common ufe are, fixed air, 
mephitic, and inflammable. The laft, indeed, fuffi- 
ciently chara&erizes and diftinguifhes that kind of 
air which takes fire, and explodes on the approach 
of flames but it might have been termed fixed with 
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as much propriety as that to which Dr. Black arid 
others have given that denomination, fince it is ori- 
ginally part of fome fblid fubftance, and exifts in an 
unelaftic ftate, and therefore may be alfo called fac- 
titious. The term mephitic is equally applicable to 
what is called fixed air, to that which is inflammable, 
and to many other kinds 3 fince they are equally 
noxious, when breathed by animals. Rather, how- 
ever, than to introduce new terms, or change the 
iignification of old ones, I {hall ufe the term fixed 
air, in the fenfe in which it is now commonly ufed, 
and diftinguifh the other kinds by their properties, or 
fome other periphrafis. I ihall be under a neceflity, 
however, of giving a name to one fpecies of air, to 
which no name was given before* 

Of FIXED AIR. 

Fixed air is that which is expelled by heat from 
lime, and other calcareous fubftances, and, when 
deprived of which, they become quick-lime. It is 
alio contained in alkaline falls, and is generated in 
great quantities from fermenting vegetables ; and 
being united with water, gives k the principal pro- 
perties of Pyrmont-water. This kind of air is alfo 
well known to be fatal to animals ; and Dr. Mac- 
bride has demonftrated, that it checks or prevents 
putrefaction. 

Living for fome time in the neighbourhood of a 
public brewery, I was induced to make a few expe- 
riments on this kind of air, there being always a 
large body of it, ready formed, upon the furface of 
Mie fermenting liquor, generally about nine inches 
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or a foot in depth, within which any kind of fub- 
fiance may be very conveniently placed ; and though 
it muft be continually mixing with the common air, 
and is far from being perfectly pure, yet there is a 
confiant fupply from the fermenting liquor, and it is 
pure enough for many purpofes. 

A perfon, who is quite a ftranger to the properties 
of this kind of air, would be agreeably amufed with 
extinguifhing lighted candles, or chips of wood in it, 
as it lies upon the furface of the fermenting liquor; 
for the fmoke readily unites with this kind of air^ 
probably by means of the water which it contains ; 
to that very little or none of the fmoke will efcape 
into the open air, which is incumbent upon it. It 
is remarkable, that the upper furface of this fmoke, 
floating in the fixed air, is fmooth, and well defined ^ 
whereas the lower furface is exceedingly ragged, fe- 
veral parts hanging down to a confiderable diftance 
within the body of the fixed air, and fometimes in 
the form of balls, conne&ed to the upper ftratum by 
flender threads, as if they were fufpended. The 
fmoke is alio apt to form itfelf into broad flakes, 
parallel to the furface of the liquor, and at different 
diftances from it, exactly like clouds. Thefe ap- 
pearances will fometimes continue above an hour, 
with very little variation. When this fixed air is 
very ftrong, the fmoke of a fmall quantity of gun- 
powder fired in it will be wholly retained by it, no 
part efcaping into the common air. 

Making an agitation in this air, the furface of it, 
which ftill continues to be exa&ly defined, is thrown 
into the form of waves, which it is very amufing to 
look upon 1 and if, by this agitation, any of the fixed 
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air be thrown over the fide of the veflel, the fmoke f 
which is mixed with it, will fall to the ground, as if 
It was fo much water, the fixed air being heavier than 
common air. 

The red part of burning wood was extinguifhed in 
this air, but I could not perceive that a red-hot poker 
was fooner cooled in it. 

Fixed air does not inftantly mix with common air, 
Indeed, if it did, it could not be caught upon the 
fermenting liquor $ for a candle put under a large 
receiver, and immediately plunged very deep below 
the furface of the fixed air, will burn fome time. 
But veflels with the fmalleft orifices, hanging with 
their mouths downwards in the fixed air, will in 
time have the common air, which they contain, per- 
fectly mixed with it. When the fermenting liquor 
is contained in veflels clofe covered up, the fixed air 
is rendered much ftronger, and then it readily aifefts 
the common air which is contiguous to it -, fb that, 
upon removing the cover, candles held at a con- 
siderable diftance above the furface will inftantly go 
out. I have been told by the workmen, that this 
will fometimes be the cafe, when the candles are 
held more than half a yard above the mouth of the 
veflel. 

Fixed air unites with the fmoke of refin, fulphur, 
and other ele&rical fubftances, as well as with the 
vapour of water ; and yet, by holding the wire of a 
charged phial among thefe fumes, I could not make 
any eledrical atmofphere, which furprized me a 
good deal, as there was a large body of this fmoke, 
and it was fo confined, that it could not efcape me. 
1 alfo held fonie oil of vitriol in a glafs veflel \vithin 
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the fixed air, and by plunging a piece of fed W 
glafs into it, raifed a copious and thick fume. This 
floated upon the furface of the fixed air like other 
toes, and continued as long. 

Confiderjng the near affinity between watfer and 
fixed air, I concluded that if a quantity of water wag 
placed near the yeaft of the fermenting liquor, it 
could not fail to imbibe that air, and thereby acquire 
the principal properties of Pyrmont, and other me- 
dicinal mineral waters. Accordingly, I found, that: 
When the ftifface of the water was confiderable, it 
always acquired the pleafant acidulous tafte that 
Pyrmont water has* The readieft way of impreg- 
nating water with this virtue, in thefe circumftances, 
is to take two veflels, and to keep pouring the water 
from one into the other, when they are both of them 
held as near the yeaft as poflible ; for by this means 
a great quantity of furface is expofed to the air, 
and the furface is alfo continually changing. In this 
manner, I have fometimes, in the fpace of two or 
three minutes, made a glafs of exceedingly pleafant 
fparkling water, which could hardly be diftinguifhed 
from very good Pyrmont. 

But the moft effectual way of impregnating water 
with fixed air is to put the veflels which contain the 
water into glafs jars, filled with the pureft fixed air, 
made by the folution of chalk in diluted oil of vitriol, 
ftanding in quickfilver. In this manner I have, in 
about two days, made a quantity of water to imbibe 
more than an equal bulk of fixed air, fo that, ac- 
cording to Dr. Brownrigg's experiments^ it muft have 
been much ftronger than the beft imported Pyrmont ; 
for though he made his experiments at the fpring 
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head, he never found that it contained quite fo much 
as half its bulk of this air. If a fufficient quantity 
of quickfilver cannot be procured, oil may be ufed 
with fufficient advantage, for this purpofe, as it im- 
bibes the fixed air very flowly. Fixed air may be 
kept in veffds flanding in water for a long time, if 
they be feparated by a partition of oil, about half an 
inch thick, Pyrmont water made in thefe circum- 
ftances, is little or nothing inferior to that which has 
flood in quickfilver. 

The readieji method of preparing this water for 
ufe is to agitate it ftrongly with its whole furface ex~ 
pofed to the fixed air. By this means alfo, more than 
an equal bulk of air may be communicated to a 
large quantity of water in the fpace of a few mi- 
nutes. Eafy directions for doing this I have published 
in a fmall pamphlet, defigned originally for the ufe 
of feamen in long voyages, on the preemption that 
it might be of ufe for preventing or curing the fea 
fcurvy, equally with wort, which was recommended 
by Dr. Macbride for this purpofe, on no other ac- 
count than its property of generating fixed air, by 
its fermentation in the ftomach. 

Water thus impregnated with fixed air readily 
diflblves iron, as Mr. Lane has difcovered ; fo that if 
a quantity of iron filings be put to it, it prefently 
becomes a ftrong chalybeate, and of the mildefl and 



inoft agreeable kind. 



I have recommended the uk of chalk and oil of 
vitriol as the cheapeft, and, upon the whole, the bed 
materials for this purpofe $ and whereas fome perfons 
had fufpeded that a quantity of the oil of vitriol 
was rendered volatile by this procefs, I examined it 

by 
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by all the chemical methods that are in ufe \ but 
coul^ not find that water thus impregnated con- 
tained the leaft perceivable quantity of the acid. 

Mr, Hey, indeed, who aflifted me in this exami- 
nation, found that diftilled water, impregnated with 
fixed air, did not mix fo readily with foap as the di- 
ftilled water itfelf $ but this was alfo the cafe when 
the fixed air had pafied through a long glafs tube 
filled with alkaline falts, which, it may be fuppofed, 
would have imbibed any of the oil of vitriol that 
might have been contained in that air *. 

It is not improbable but that fixed air itfelf may 
be of the nature of an acid, though of a weak and 
peculiar fort. Mr. Bergman of Upfal, who honoured, 
me with a letter upon the fubjed, calls it the aerial 
acid, and, among other experiments to prove it to be 
an acid, he fays that it changes the blue juice of 
tournefole into red. 

The heat of boiling water will expell all the fixed 
air, if a phial containing the impregnated water be 
held in it; but it will often require above half an 
hour to do it completely. 

Dr. Percival, who is particularly attentive to every 
improvement in the medical art, and who has 
thought fo well of this impregnation as to prefcribe 
it in feveral cafes* informs me that it feems to be 
much ftronger, and fparkles more, like the true 
Pyrmont water, after it has been kept fome time. 
This circumftance, however, (hews that, in time, the 
fixed air is more eafily difengaged from the water, and 

* An account of Mr. Hey's experiments will be found in the 
Appendix to thefe papers. 
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i, in this ftate, it may affe& the tafte more 
fenfibly, it cannot be of Co much ufe in the ftomach 
and bowels, as when the air is more firmly retained 
by the water, though, in confequence of it, it be 
lefs fenfible to the tafte. 

By the procefs defcribed in my pamphlet, fixed 
air may be readily incorporated with wine, beer, and 
almoft any other liquor whatever ; and when beer, 
wine, or cyder, is become flat or dead (which is the 
confequence of the efcape of the fixed air they con- 
tained) they may be revived by this means ; but the 
delicate and agreeable flavour, or acidulous tafte, 
communicated by fixed air y and which is very mani- 
feft in water, can hardly be perceived in wine, or 
any liquors which have much tafte of their own. 

I fhould think that there can be no doubt, but 
that water thus impregnated with fixed air muft have 
all the medicinal virtues of genuine Pyrmont water ,• 
fince thefe depend upon the fixed air it contains. If 
the genuine Pyrmont water derives any advantage 
from its being a natural chalybeate, this may alio be 
obtained by providing a common chalybeate water, 
and ufing it in thefe procefles, inftead of common 
water. 

Having fucceeded fo well with this artificial Pyr- 
mont water, I imagined that it might be poffible to 
give ice the fame virtue, efpecially as cold is known 
to promote the abforption of fixed air by water; 
but in this I found myfelf quite miftaken. I put 
feveral pieces of ice into a quantity of fixed air, 
confined by quickfilver, but no part of the air was 
abforbed in two days and two nights ; but upon 
bringing it into a place where the ice melted, the air 
2 was 
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was abforbed as ufual. I then took a quantity of 
ftrong artificial Pyrmont water, and, putting it into 
a thin glafs phial, I fet it in a pot that Was filled 
with fnow and fait. This fnixture inftantly freezing 
the water that was contiguous to the fides of the 
glafs, the air was difcharged plentifully, fo that I 
catched a confiderable quantity, in a bladder tied to 
the mouth of the phial. I alfo took two quantities 
of the fame Pyrmont water, and placed one of 
them where it might freeze, keeping the other in 
a cold pUaceJ but where it would not freeze. This 
retained its acidulous tafte, though the phial which 
contained it was not corked •, whereas the other, 
being brought into the fame place, where the ice 
melted very flbwly, had at the fame time the tafte of 
common water only. That quantity of water 
which had been frozen by the mixture of fnow and 
fait, was almoft as much like fnow as ice, fuch a 
quantity of air bubbles were contained in it, by 
which it was prodigioufly increafed in bulk. 

The preflure of the atmofphere affifts very con- 
fiderably in keeping fixed air confined in water ; for 
in an exhaufted receiver, Pyrmont water will abfo- 
lutely boil, by the copious discharge of its air. This 
is alfo the reafon why beer and ale froth fo much in 
vacuo. I do not doubt, therefore, but that, by the 
help of a condenfing engine, water might be much 
more highly impregnated with the virtues of the 
Pyrmont fpring, and it would not be difficult to 
contrive a method of doing it* 

The manner in which I made feveral experiments 
to ^certain the abforption of fixed air by different 
fluid fubftances was to put the liquid into a di(h, 
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$nd holding it within the body of the fixed air at 
the brewery* to fet a glafs veffel into it, with its 
mouth inverted* This glafs being neceflarily filled 
with the fixed air, the liquor would rife into it when 
they were both taken into the common air, if the 
fixed air was abforbed at alh 

Making ufe of ether in this manner, there was a 
conftant bubbling from under the glafs, occafioned 
by this fluid ealily rifing in vapour, fo that I could 
not, in this method, determine whether it imbibed 
the air or not. I concluded, however, that they did 
incorporate, from a very difagreeable circumftance, 
which made me defi.fi from making any more expe- 
riments of the kind. For all the beer, over which 
this experiment was made, contracted a peculiar 
tafte, the fixed air impregnated with the ether being, 
I fuppofe, again abforbed by the been 1 have alfo 
obferved, that water which remained a long time 
within this air has fometimes acquired a very dif- 
agreeable tafte. At one time it was like tar-water* 
How this was acquired, I was very defirous of mak- 
ing fome experiments to afcertain, but I was dif- 
couraged by the fear of injuring the fermenting 
liquor. It could not come from the fixed air only. 

Having imagined that fixed air coagulated the 
blood in the lungs of animals, and thereby caufed 
inftant death j I fuflbcated a cat in this kind of air? 
and examining the lungs prefently after, found them 
collapfed and white, having little or no blood in 
them. 

In order to try the cScd: of this air upon the blood 

itfelf, I took a quantity from a fowl juft killed, and 

divided it into two parts, holding one of them within 

the 
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the fixed air, and the other in the common air, and 
obferved that the former was coagulated much fooner 
than the latter. This I could wifh to have tried 
again. 

Infe&s and animals which breathe very little are 
jftifled in fixed air, but are not foon quite killed in 
it. Butterflies, and flies of other kinds, will gene- 
rally become torpid, and feemingly dead, after being 
held a few minutes over the fermenting liquor 5 but 
they revive again after being brought into the frefh 
air. But there are very great varieties with refpe£l 
to the time in which different kinds of flies will 
either become torpid in the fixed air, or die in it. 
A large ftrong frog was much fwelled, and feemed 
to be nearly dead, after being held about fix minutes 
over the fermenting liquor ; but it recovered upon 
being brought into the common air. A fnail 
treated in the fame manner died prefently. 

Fixed air is prefently fatal to vegetable life. At 
leaft fprigs of mint, growing in water, and placed 
over the fermenting liquor,, will often become quite 
dead in one day, or even in a lefs fpace of time y 
nor do they recover when they are afterwards 
brought into the common air. I am told, however, 
that Tome other plants are much more hardy in this 
reipeft. 

A red rofe, frefh gathered, loft its rednefs, and be- 
came of a purple colour, after being held over the 
fermenting liquor about twenty-four hours j but the 
tips of each leaf were much more affefted than the 
reft of it. Another red rofe turned perfectly white 
in this fituation; but-various other flowers, of differ- 
ent colours,, were very little affe&ed, Thefe expe- 
riments 



riments were not repeated, as I wlfli they might b& 
done, in pure fixed air, extra&ed from chalk by 
means of oil of vitriol. 

For every purpofe, in which it was neceffary that 
the fixed air fhould be as unmixed as poffible, I 
generally made it by pouring oil of vitriol upon chalk 
and water, catching it in a bladder, faftened to the 
neck of the phial, in* which they were contained, 
taking care to prefs out all the common air, and alfo 
the firft, and fometimes the fecond, produce of fixed 
air ; and alfo, by agitation, making it as quickly as 
I poffibly could. At other times, I made it pafs 
from the phial in which it was generated through a 
gla.fs tube, without the intervention of any bladder, 
which, as 1 found by experience, will not long make 
a fufficient feparation between feveral kinds of air and 
common air* 

I had once thought that the readied method of 
procuring fixed air, and in fufficient purity, would 
be by the fimple procefs of burning chalk, or 
pounded lime-ftone in a gun-barrel, making it pafs 
through the Item of a tobacco-pipe, or a glafs tube 
carefully luted to the orifice of it 5 and in this man* 
ner I find that air is produced in great plenty j but, 
upon examining it, I found, to my very great furprize, 
that little more than one half of it was fixed air, 
capable of being abforbed by water ; and that the 
reft was inflammable, fometimes very weakly, but 
fometimes pretty highly fo. Whence this inflam- 
mability proceeds, I am not able to determine, the 
lime or chalk not being fuppofed to contain any 
other than fixed air* I conjecture, however, that it 
muft proceed from the iron> and the feparation of it 
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from the calx may be promoted by that fmall quan- 
tity of oil of vitriol, which I am informed is con- 
tained in chalk, if not in -Hme-ftone aifo. But it is 
an objedion to this hypothefis, that the inflammable 
air produced "in this manner burns blue, and not at 
all like that which is produced from iron, or any other 
metal, by means of an acid. It has alfo the fmell 
of that kind of inflammable air which is produced 
from vegetable fubftances. Befides, oil of vitriol 
without water, will not difiblve iron $ nor can inflam- 
mable air be got from it, unlefs the acid be confi- 
derably diluted ;, and when I mixed brimftone with 
the chalk, neither the quality nor the quantity of the 
air was changed by it. Indeed no air, or permanently 
elaftic vapour, can be got from brimftone, or any 
oil. 

In the method in which I generally made the 
fixed air, and indeed always, utilefs the contrary be 
particularly mentioned, viz. by diluted oil of vitriol 
and chalk, I found by experiment that it was as pure 
as Mr. Cavendifh made it. For after it had pafled 
through a large body of water in fmall bubbles, ftill 
^ or- -g-V part only was not abforbed by water. In 
order to try this as expeditioufly as poffible, I kept 
pouring the air from one glafs veflel into another,, 
immerled in a quantity of cold water, in which 
manner I found by experience, that aimoft any 
quantity may be reduced as far as poffible in little 
more than a quarter of an hour. 

At the fame time that I was trying the purity of 
my fixed air, I had the curiofity to endeavour to 
afcertain whether that part of it which is not mif- 
fcible in water, be equally diffuled through the whole 
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rods ; and, for this purpofe, I divided a quantity of 
about a gallon into three parts, the firft confifting of 
that which was upp'ermoft, and the laft of that which 
was the lowed, contiguous to the water j but all 
ihefe parts were reduced in about an equal propor- 
tion, by pafiiing through the water, fo that the whole 
mafs had been of an uniform compofition. This I 
have alfo found to be the cafe with feveral kinds of 
air, which will not properly incorporate. 

A moufe will live very well, though a candle will 
not burn, in the refiduum of the pureft fixed air that 
I can make; and I once made a very large quantity 
for the fole purpofe of this experiment. This, there- 
fore, feems to be one inftance of the generation of 
genuine common air, though vitiated in fome de- 
gree. It is alio another proof of the refiduum of 
fixed air being, in part at leaft, common air, that it 
becomes turbid, and is diminifhed by the mixture of 
nitrous air, as will be explained hereafter. 

That fixed air only wants fome addition to make it 
permanent, and immifcible with water, if not, in all re- 
fpe&s, common air> I have been led to conclude, from 
feveral attempts which I once made to mix it with 
air, in which a quantity of iron filings and brim- 
flone, made into a pafte with water, had ftood $ for, 
in feveral mixtures of this kind, I imagined that not 
much more than half of the fixed air could be im- 
bibed by water; but, not being able to repeat the 
experiment, I conclude that I either deceived myfelf 
in it, or that I overlooked fome circumftance on 
which the fuccefs of it depended . 

Thefe experiments, however, whether they were 
fallacious or otherwife, induced me to try whether 
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any alteration would be made in the conftitution of 
fixed air, by this mixture of iron filings and brim- 
done. I therefore put a mixture of this kind into a 
quantity of as pure fixed air as I could make, and 
confined the whole in quickfilver, left the water 
fhould abforbe it before the effefts of the mixture 
could take place. The confequence was, that the 
fixed air was diminifhed, and the quickfilver rofe in the 
veftel, till about the fifth part w f as occupied by it ; and, 
as near as I could judge, the procefs went on, in all 
refpe&s, as if the air in the infide had been common 
air* 

What is moft remarkable, in the refult of this ex- 
periment, is, that the fixed air, into which this mix- 
ture had been put, and which had been in part di- 
minifhed by it, was in part alfo rendered infoluble 
in water by this means. I made this experiment 
four times, with the greatefl care, and obferved, 
that in two of them about one fixth, and in the 
other two about one fourteenth, of the original 
quantity, was fuch as could not be abforbed by wa- 
ter, but continued permanently elaftic. Left I fhould 
have made any miftake with refped: to the purity of 
the fixed air, the laft time that I made the experi- 
ment, I fet part of the fixed air, which I made ufe 
of, in a feparate vefiel, and found it to be exceed- 
ingly pure, fo as to be almoft wholly abforbed by 
water ; whereas the other part, to which I had put 
the mixture, was far from being fo, 

In one of thefe cafes, in which fixed air was made 
immifcible with water, it appeared to be not very 
noxious to animals ; but in another cafe, a moufe 
died in it pretty foon. 
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As the iron is reduced to a calx by this procefs, 
I once concluded, that it is phlogifton that fixed air 
wants, to make ic common air; and, for any thing 
I yet know, this may be the cafe, though I am ig- 
norant of the method of combining them j and when 
I calcined a quantity of lead in fixed air, in the man- 
ner which will be defcribed hereafter, it did not feem 
to have been lefs foluble in water than it was before. 



IL 

Of Air in which a candle, or erimstone, 

has burned out. 

It is well known that flame cannot fubfift long 
without change of air, fo that the common air is 
neceflary to it, except in the cafe of fubftances, into 
the compofition of which nitre enters ; for thefe will- 
burn in ixaciWy in fixed air, and even under water, 
as is evident in fome rockets, which are made for 
this purpofe. The quantity of air which even a 
fmall flame requires to keep it burning is prodi- 
gious. It is generally faid, that an ordinary candle 
confumes, as it is called, about a gallon in a 
minute. Confidering this amazing confumption 
of air, by fires of all kinds, volcano's, &c. it be- 
comes a great objed of philofophical inquiry, to as- 
certain what change is made in the conftitution of 
the air by flame, and to difcover what provifion there 
is in nature for remedying the injury which the at- 
mofphere receives by this means. Some of the fol- 
lowing experiments will, perhaps, be thought to 
throw a little light upon the fubjeit. 

The 
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The diminution of the quantity- of air in which a 
candle, or brimftone, has burned out, is various -> 
but I imagine that, at a medium, it may be about 
one fifteenth, or one fixteenth, of the whole ; about 
one third as much as by animals breathing it as long 
as they can, by animal or vegetable fubftances 
putrifying in it, by the calcination of metals, or by 
a mixture of fteel filings and pounded brimftone 
ftanding in it* 

I have fometimes thought, that flame difpofes the 
common air to depofit the fixed air it contains ; for 
if any lime-water be expofed to it, it immediately 
becomes turbid. This is the cafe, when wax candles, 
tallow candles, chips of wood, fpirit of wine, aether, 
and every other fubftance which I have yet tried, 
except brimftone, is burned in a clofe glafs. veflel, 
fhn 'ing in lime-water. This precipitation of fixed 
air (if this be the cafe) may be owing to fomething 
emitted from the burning bodies, which has a ftronger 
affinity with the other conftituent parts of the atmo* 
fphere. 

If brimftone be burned in the fame circum- 
ftances, the lime-water continues tranfparent, but 
ft ill there may have been the fame precipitation 
of the fixed part of the air; but that, uniting with 
the lime and the vitriolic acid, it forms a felenetic fait, 
which is foluble in water. Having evaporated a 
quantity of water thus impregnated, by burning 
brimftone a great number of times over it, a whitifli 
powder remained, which had an acid tafte ; but re- 
peating the experiment with a quicker evaporation, 
the powder had no acidity, but was very much like 
chalk. The burning of brimftone but once over a 
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quantity of lime-water, will affeft it in fueh a man- 
ner, that breathing into it will not make it turbid, 
which otherwife it always prefently does. 

Dr. Hales fuppofed, that by burning brirnftone 
repeatedly in the fame quantity of air, the diminu- 
tion would continue without end. But this I have 
frequently tried, and not found to be the cafe. In- 
deed, when the ignition has been imperfect in the 
firft inftance, a fecond firing of the fame fubftance 
will increafe the eftedt of the firft, &c. but this pro- 
grefs foon ceafes. In many cafes of the diminution 
of air, the effed: is not immediately apparent, even 
when it ftands in water; for fometimes the bulk of 
air will not be much reduced, till it has pafled fe- 
veral times through a quantity of water, which has 
thereby a better opportunity of abforbing that fluid 
part of the air, which had not been perfedly de- 
tached from the reft. I have fometimes found a 
very great redudion of a mafs of air, in confequence 
of pailing but once thorough cold water. If the air 
has flood in quickfilver, the diminution is generally 
inconsiderable, till it has undergone this operation, 
there not being any fubftance expofed to the air that 
could abforb any part of it. 

I could not find any confiderable alteration in the 
ipecific gravity of the air, in which candles, or brirn- 
ftone, had burned out. I am fatisfied, however, 
that it is not heavier than common air, which muft 
have been manifeft, if fo great a diminution of the 
quantity had been owing, as Dr. Hales and others 
fuppofed, to the elafticity of the whole mafs being 
impaired. After making feveral trials for this pur- 
j>ofe, I concluded that air, thus diminished in bulk, 
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is rather lighter than common air, which favours the 
fuppofition of the fixed, or heavier part of the com- 
mon air, having been precipitated. 

An animal will live nearly, if not quite as long, 
in air in which candles have burned out, as in com- 
mon air. This faft furprized me very greatly, having 
imagined that what is called the confumption of air 
by flame, or refpiration, to have been of the fame 
nature j but I have fince found, that this fadl has 
been ohferved by many perfons, and even io early 
as by Mr. Boyle. I have alio obferved, that air in 
which brimftone has burned,, is not in the leaft in- 
jurious to animals, after the fumes, which at firfl 
make it very cloudy, have intirely fubfided. 

Having read, in the Memoirs of the Society at 
Turin, Vol. I. p. 41. that air in which candles had 
burned out was perfe&ly reftored, fo that other 
candles would burn in it again as well as ever, after 
having been expofed to a considerable degree of 
cold, and like wife after having been compreffed in 
bladders (for the cold had been fuppofed to have 
produced this effect by nothing but condeniation) ; 
I repeated thefe experiments, and did, indeed, find, 
that, when I compreffed the air in bladders, as the 
Count de Saluce, who made the cbfervation, had 
done, the experiment fucceeded : but having had 
fufficient reafon to diftruft bladders, I compreffed 
the air in a glafs veffel ftanding in water j and then 
I found, that this procefs is altogether ineffe&ual for 
the purpofe. I kept the air compreffed much more, 
and much longer, than he had done, but without 
producing any alteration in it. I alfo find, that a 
greater degree of cold than that which he applied, and 
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of longer continuance, did by no means reffcore this 
kind of air : for when I have expofed the phials which 
contained it a whole night, in Which the froft was 
very intenfe j and'alfo when I kept it furrounded with 
a mixture of fnow and fait, I found it, in all re- 
fpeds, the fame as before. 

It is alfo advanced, in the fame Memoir, p. 41. 
that heat only, as the reverfe of cold, renders air 
unfit for candles burning in it- But I repeated the 
experiment of the Count for that purpoie, without 
finding any fuch effed: from it. 1 alio remember that, 
many years ago, I filled an exhausted receiver with 
air, that had pafTed through a glafs tube made 
red -hot, and found that a candle would burn in it 
perfedly well. Alfo, rarefaction by the air-pump 
does not injure air in the leaffc degree. 

Though this experiment failed, I flatter myfelf 
that I have accidentally hit upon a method of re- 
storing air which has been injured by the burning 
of candles, and that I have difcovered at leaft one 
of the reftorativcs which nature employs for this 
purpofe. It is vegetation. In what manner this pro* 
cefs in nature operates, to produce fo remarkable an 
effect, I do not pretend to have difcovered j but a 
number of fads declare in favour of 'this hypothefis. 
1 (hall introduce my account of them,, by reciting 
fome of the obfervations which I made on the grow- 
ing of plants in confined air, which led to this dis- 
covery. 

One mteht have imagined that, fince common 
air is neceliary to vegetable, as well as to animal 
life, both plants and animals had affefted it in the 
fame manner, and I own I had that expectation, 
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^fien I firft put a fprig of mint into a glafs-jar,. 
rahding inverted in a veffei of water; but when it 
had continued growing there for fome months, I 
found that the air would neither extinguish a candle, 
nor was it at all inconvenient to a moufe, which I 
put into it. 

The plant was not affe&ed any otherwife than 
was the neceffary confequence of its confined fitua- 
tion -, for plants growing in feveral other kinds of air, 
were all affeded in the very fame manner. Every 
fucceffion of leaves. was more diminished in fize that* 
the preceding, till, at length, they came to be no 
bigger than the heads of pins. The root decayed, 
and the ftalk alio, beginning from the root ; and yet 
the plant continued to grow upwards, drawing its 
nourishment through a black and rotten ftetru In 
the third or fourth fet of leaves,, long hairy filaments 
grew from the infertion of each leaf, and fpmetimes 
from the body of the ftem, fliooting out as far as 
the veffcl in which it grew would permit, which, in 
roy experiments, was about two inches. In this 
manner a fprig of mint lived, the old ftem decaying, 
and new ones fliooting up in its place, but lefs and 
lefs continually, all the fummer feafon. 

In repeating this experiment, care muft be taken 
to draw away all the dead leaves from about the 
plant, left they fhould putrefy, and affecft the air. 
I have found that a freftx cabbage leaf, put under a 
glafs veffei filled with common air, for the fpace of 
one night only, has fo far affedted the air,, that a 
candle would not burn in it the next morning, and 
yet the leaf had not acquired any fmell of putrefac- 
tion*, i. 

Finding 
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Finding that candles burn very well in air in 
which plants had grown a long time, and having 
had fome reafon to think, that there was fomething 
attending vegetation, which reftored air that had 
been injured by refpiration, I thought it was pof- 
fible that the fame procefs might alfa reftore the air 
that had been injured by the burning of candles. 

Accordingly, on the 17th of Auguft, 1771, I 
put a fprig of mint into a quantity of air, in which 
a wax candle had burned out, and found that, on 
the 27th of the fame month, another candle burned 
perfectly well in it. This experiment I repeated, with- 
out the leaft variation in the event, not lefs than 
eight or ten times in the remainder of the fummer. 
Several times I divided the quantity of air in which 
the candle had burned out, into two parts, and 
putting the plant into one of them, left the other 
in the fame expofure, contained, alfo, in a glafs 
veflel immerfed in water, but without any plant 1 
and never failed to find, that a candle would burn 
in the former, but not in the latter, I generally 
found that five or fix days were fufficient to reftore 
this air, when the plant was in its vigour ; whereas 
I have kept this kind of air in glafs veffeis, immerfed in 
water many months, without being able to perceive 
that the leaft alteration had been made in it. I have 
alfo tried a great variety of experiments upon it, as 
by condenfing, rarefying, expofing to the light and 
heat, &c. and throwing into it the effluvia of many 
different fubftances, but without any effed:. 

Experiments made in the year 1772, abundantly 
confirmed my conclufion concerning the reftoration 
of air, in which candles had burned out by plants 
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growing in it The firft of thefe experiments wa$ 
made in the month of May ; and they were frequently 
repeated in that and the two following months, with- 
out a fingle failure. 

For this purpofe I ufed the flames of different futv* 
fiances, though I generally ufed wax or tallow 
candles. On the 24th of June the experiment fuc~ 
ceeded perfectly well with air in which Ipirit of wine 
had burned out, and on the 27th of the fame month 
it fucceeded equally well with air in which brim* 
■ftone matches had burned out, an effedt of which I 
had defpaired the preceding year. 

This restoration of air I found depended upon the 
vegetating ilate of the plant $ for though I kept a 
great number of the frefh leaves of mint in a fmall 
quantity of air in which candles had burned out, 
and changed them frequently, for a long fpace of 
time, 1 could perceive no melioration in the ftate of 
the air. 

This remarkable efFed does not depend upon any 
thing peculiar to mint, which was the plant that I 
always made ufe of till July 1772 ; for on the 16th 
of that month, I found a quantity of this kind of 
air to be perfe&ly reftored by fprigs of balm, which 
had grown in it from the 7th of the fame month*; 

That this reftoration of air was not owing to any 
aromatic effluvia of thefe two plants, not only ap- 
peared by the eflentiat oil of mint having no fenfible 
effect of this kind; but from the equally complete 
reftoration of this vitiated air by the plant called 
groundfel, which is ufually ranked among the weeds, 
and has an ofFenfive fmell. This was the refult of 
an experiment made the 16th of July, when the 
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plant had been growing in the burned air from the 
8th of the fame month. Befides, the plant which I 
have found to be the moft effe&ual of any that I 
have tried for this purpofe is fpinach, which is of 
quick growth, but will feldom thrive long in water. 
One jar of burned air was perfe&ly reftored by this 
plant in four days, and another in two days. This 
kft was obferved on the 2 2d of July. In general 
this effecft may be prefumed to have taken place ink 
much lefs time than I have mentioned y becaufe I 
ifever chofe to make a trial of the* air, till I was 
pretty fure, from preceding obfervations, that the 
event which I had expe&ed muft have taken place, 
if it would fucceed at all ; left, returning back that 
par: of the air on which I made the trial, and whick 
would thereby neceflarily receive a fmall mixture of 
common air, the experiment might not be judged 
to be quite fair y though I myfelf might be fuffici- 
ently fatisfied with refpedt to the allowance that was 
to be made for that fmall irnperfe&ion. 

Of inflammable Air. 

I have generally made inflammable air in the 
manner defcribed by Mr. Cavendifb, in the Philofo- 
phical Tranfadtions, from iron, zinc, or tin; but 
chiefly from the two former metals, on account of 
the procefs being the lea ft troublefome: but when 
I extracted it from vegetable or animal fubftances, 
or from coals, I put them into a gun barrel, to the 
orifice of which I luted a gkfs tube, or the ftem of 
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a tobacco pipe, and to the end of this I tied a flaccid 
bladder, in order to catch the generated air. 

There is not, I believe, any vegetable or animal 
fubftance whatever, nor any mineral fubftance, that 
is inflammable, but what will yield great plenty of 
inflammable air, when they are treated in this man- 
ner, and urged with a ftrong heat ; but, in order to 
get the moft air, the heat mud be applied as fuddenly, 
and as vehemently, as pofiible. For, notwithftanding 
the fame care be taken in luting, and in every other 
refpedt, fix or even ten times more air may be got 
by a fudden heat than by a flow one, though the 
heat that is laft applied be as intenfe as that which 
Was applied fuddenly. A bit of dry oak, weighing 
about twelve grains, will generally yield about a 
fheep's bladder full of inflammable air with a brifk 
heat, when it will only give about two or three ounce 
meafures if the fame heat be applied to it very 
gradually* To what this difference is owing, I can- 
not tell. 

Inflammable air, when it is made by a quick pro- 
cefs, has a very ftrong and offenfive fmell, from 
whatever fubftance it be generated ; but this fmell is 
of three different kinds, according as the air is ex- 
traded from mineral, vegetable, or animal fubftances* 
The laft is exceedingly fetid; and it makes no differ- 
ence, whether it be extra&ed from a bone, or even 
an old and dry tooth, or from foft mufcular flefh, or 
any other part of the animal* The burning of any 
fubftance occafions the fame fmell : for the grofs 
fume which arifes from them, before they flame, 
is the inflammable air they contain, which is expelled 
by heat, and then readily ignited* The fmell of in- 
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flammable mr is the very fame, as far as I am able to 
perceive, from whatever fubftance of the fame 
kingdom it be extra&ed. Thus it makes no differ- 
ence whether it be got from iron, zinc, or tin, from 
any kind of wood, or, as was obferved before, from 
any part of an animal., 

If a quantity of inflammable air be contained in t 
glafs veflel landing in water,, and have been gene« 
fated very faft, it will fmell even through the water r 
and this water will alfo foon become covered with a 
thin film, aflfuming all the different colours. If the 
inflammable air have been generated from iron, this 
ntur will appear to be a red okre, or the earth of 
iron, as 1 have found by collecting a confidterabte 
quantity of it.; and if it have been generated from 
zinc, it is a whitifli fubftance, which I fuppofe to be 
the calx of the metal. It likewife fettles to the 
bottom of the veflel, and when the water is ftirred* 
it has very much the appearance of wool. When 
water Is once impregnated in this manner, it will 
continue to yield this leum for a considerable time 
after the air is removed from it* This I have often 
obferved with refped to iron* 

Inflammable air, made by a violent effervefcence, i 
have obferved to be much more inflammable than 
that which is made by a weak effervefcence, whe- 
ther the water or the oil of vitriol prevailed in the 
mixture.. Alfo the offenfive fmell was much 
flxonger in the former cafe than in the latter. The 
greater degree of inflammability appeared by the 
greater number of fucceffive explofions,when a candle 
was prefented to the neck of a phial filled with it. 
It is poflible, however, that this diminution of in- 
flammability 
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fiammabillty may, in forne meafure, arife from the 
air continuing fo much longer in the bladder when 
it is made very flowly 5 though 1 think the difference 
is too great for this caufe to have produced the whole 
of it. It may, perhaps, deferve to be tried by a 
different procefe, without a bladder. 

Inflammable air is not thought to be mifcible 
with water, and when feept many months, feems, in 
general, to be as inflammable as ever. Indeed, 
when it is extracted from vegetable or animal fub~ 
fiances, a part of it will be imbibed by the water in 
which it ftands > but it may be prefumed, that in this 
cafe, there was a mixture of fixed air extra&ed from 
the fubftance along with it. I have indifputable 
evidence, however, that inflammable air, ftanding 
long in water, has a&ually loft ail its inflammability, 
and even conxe to extinguish flame much more than 
that air in which candles have burned out. After 
this change it appears to be greatly diminiflhed in 
quantity, and it ftill continues to kill animals the 
moment they are put into it. 

This very remarkable fadt firft occurred to my ob- 
fervation on the twenty-fifth of May 1771, when I 
was examining a quantity of inflammable air, which 
had been made from 2inc, near three years before* 
Upon this f I immediately fet by a common quart 
bottle filled with inflammable air from iron, and 
another equal quantity from zmcy and examining 
them in the beginning of December folio wing, that 
from the iron was reduced oeiar one half in quantity, 
if I be net greatly miftaken; for I found the bottle 
half full of water, and I am pretty clear that it was 
full of air when it was fet by. That which had 
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been produced from zinc was not altered, and filled 
the bottle as at firffc 

Another inftance of this kind occurred to my ob- 
fervation on the 19th of June 1772, when a quan- 
tity of air, half of which had been inflammable air 
from zinc, and half air in which mice had died, and 
which had been put together the 30th of July 
1771-, appeared not to be in the leaft inflammable, 
but extinguished flame, as much as any kind of air 
that I had ever tried. I think that, in all, I have 
had four inftances of inflammable air lofirig its in- 
flammability, while it ftood in water. 

Though air tainted with putrefaction extinguishes 
flame, I have not found that animals or vegetables 
putrefying in inflammable air render it lefs inflam- 
mable. But one quantity of inflammable air^ which 
I had fet by in May 1771, along with the others 
above mentioned, had had fome putrid flefh in it ; 
and this air had loft its inflammability, when it was 
examined at the fame time with the other in the De- 
cember following. The bottle in which this air 
had been kept, fmelled exactly like very fcrong 
Harrowgate water. I do not think that any perfon 
could have diftinguiflbed them. 

I have made plants grow for feveral months in 
inflammable air made from zinc, and alfo from oak ; 
but, though the plants grew pretty well, the air ftill 
continued inflammable. The former, indeed, was 
not fo highly inflammable as when it was frefh 
made, but the latter was quite as much fo$ and the 
diminution of inflammability in the former cafe, I at- 
tribute to fome other caufe than the growth of the 
plank 
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No kind of air, on which I have yet made the 
experiment, will conduft ele&ricity ; but the colour 
of a fpark is remarkably different in fome different 
kinds of air, which feems to fhew that they are not 
equally good non-condudtors. In fixed air, the 
cleftric fpark is exceedingly white -, but in inflam- 
mable air it is of a purple, or red colour. Now, 
fince the mod vigorous fparks are always the whiteft, 
and, in other cafes, when the fpark is red, there is 
reafon to think that the eledtric matter paffes with 
difficulty, and with lefs rapidity : it is poffible that 
the inflammable air may contain particles which 
conduft ele6tricity, though very imperfe&lyj and that 
the whitenefs of the fpark in the fixed air, may be 
owing to its meeting with no conducting particles 
at all. When an explofion was made in a quantity- 
of inflammable air, it was a little white in the 
center, but the edges of it were ftill tinged with a 
beautiful purple. The degree of whitenefs in this 
cafe was probably owing to the eledlric matter rufh- 
ing with more violence in an explofion than in a 
common fpark. 

Inflammable air kills animals as fuddenly as fixed 
air, and, as far as can be perceived, in the fame 
manner, throwing them into convulfions, and there- 
by occafioning prefent death. I had imagined that, 
by animals dying in a quantity of inflammable air, 
it would in time become lefs noxious ; but this did 
not appear to be the cafe ; for I killed a great number 
of mice in a fmall quantity of this air, which I kept 
feverai months for this purpofe, without its being at 
all fenfibly mended ; the laft, as well as the firfl 
moufe, dying the moment it was put into it. 
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I once imagined that, lirice fixed and inflammable 
air are the reverfe of one another, in feveral remark- 
able properties, a mixture of them would make 
common air 5 and while I made the mixtures in 
bladders, I imagined that I had fucceeded in my 
attempts but I have fmce found that thin bladders 
do not fufficiently prevent the air that is contained in 
them from mixing with the external air. Alfo corks 
will not fufficiently confine different kinds of air, 
unlefs the phials in which they are confined be fet 
with their mouths downwards, and a little water lie 
in the necks of them, which, indeed, is equivalent 
to the air (landing in vefTels immerfed in water. In 
this manner, however, I have kept different kinds of 
air for feveral years. 

Whatever methods I took to promote the mixture 
of fixed and inflammable air, they were all ineffec- 
tual. I think It my duty, however, to recite the 
iflue of an experiment or two of this kind, in which 
equal mixtures of thefe two kinds of air had flood 
near three years, as they feem to fhew that they had 
in part affeded one another, in that long fpace of 
time. Thefe mixtures I examined April 27, 1771. 
One of them had flood in quickfilver, and the dther 
in a corked phial, with a little water ih it. On 
opening the latter in water, the water inftantly rufhdd 
in, and filled almoft half of the phial, and very little 
more was abfofbed afterwards. In this cafe the water 
in the phial had probably abfofbed a confiderable part 
of the fixed air, fo that the inflammable air was 
exceedingly rarefied ; and y^t the whole quantity 
that rauft have been rendered non-elaftic was ten 
times more than the bulk of the Water, and it has 
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not been found that water can contain much more 
than its own bulk of fixed air. But in other cafes I 
have found the diminution of a quantity of air, and 
efpecially of fixed air, to be much greater than I 
could well account for by any kind of abforption* 

The phial which had flood immerfed in quick- 
filycr had loft very little of its original quantity j and 
being now opened in water, and left there, along 
with a another phial, which was juft then filled, as 
this had been three years before, with air half inflam- 
mable and half fixed, I obferved that the quantity 
of both was diminished, by the ablbrption of the 
water, in the fame proportion. 

Upon applying a candle to the mouths of the phials 
which had been kept three years, that which had 
flood in qifickfilver went off at one explofion, ex- 
adly as it would have done if there had been a mix- 
ture of common air, with the inflammable. As a 
good deal depends upon the apertures of the veflels 
in which the inflammable air is fixed, I mixed the 
two kinds of air in equal proportion in the fame 
phial, and after letting it ftand fome days in water* 
that the fixed air might be abforbed, I applied a 
candle to it ; but it made ten or twelve explofions 
(flopping the phial after each of them) before the 
inflammable matter was exhaufted. 

The air which had been confined in the corked 
phial exploded in the very fame manner as an equal 
mixture of the two kinds of air in the fame phial, 
the experiment being made as foon as the fixed air 
was abforbed, as before > fo that, in this cafe, the twQ 
kinds of air did not feem to have afFe&ed one ano- 
ther at all. 
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Considering inflammable air as air united to or 
loaded with phlogifton, I expofed to it feveral fub~ 
fiances, which are faid to have a near affinity with 
phlogifton, as oil of vitriol, and fpirit of nitre (the 
former for above a month), but without making any 
fenfible alteration in it. 

I obferved, however, that inflammable air, mixed 
with the fumes of fmoaking fpirit of nitre, goes ofF 
at one explofion, exa&ly like a mixture of half com- 
mon and half inflammable air. This I tried feveral 
times, by throwing the inflammable air into a phial 
full of fpirit of nitre, with its mouth immerfed in a 
bafon containing fome of the fame fpirit, and then 
applying the flame of a candle to the mouth of the 
phial, the moment that it was uncovered, after it 
had been taken out of the bafon. This remarkable 
effeft I haftily concluded to have arifen from the in- 
flammable air having been in part deprived of its in- 
flammability, by means of the ftronger affinity, 
which the fpirit of nitre had with phlogifton, and 
therefore I imagined that by letting them ftand longer 
in contad, and efpecially by agitating them ftrongly 
together, I fhould deprive the air of all its inflam- 
mability ; but neither of thefe operations fucceeded, 
for flill the air was only exploded at once, as before. 
And laftly, when I paffed a quantity of inflammable 
air, which had been mixed with the fumes of fpirit 
of nitre, through a body of water, and received it in 
another veflel, it appeared not to have undergone 
any change at all, for it went off in feveral fucceffive 
exploflons, like the pureft inflammable air. The 
effect abovementioned muft, therefore, have been 
owing to the fumes of the fpirit of nitre fupplying 
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the place of common air for the purpofe of ignition,' 
which is analogous to other experiments with 
nitre. 

Having had the curiofity, on the 25th of July 
1772, to expofe a great variety of different kinds of 
air to water out of which the air it contained had 
been boiled, without any particular view* the refult 
was, in feveral refpe&s, altogether unexpected, and 
led to a variety of new obfervations on the properties 
and affinities of feveral kinds of air with refpeft to 
water. Among the reft three fourths of that which 
was inflammable was abforbed by the water in about 
two days, and the remainder was inflammable, but 
weakly fo. 

Upon this, I began to agitate a quantity of ftrong 
inflammable air in a glafs jar, ftanding in a pretty 
large trough of water, the furface of which was 
expofed to the common air, and I found that when 
I had continued the operation about ten minutes, 
near one fourth of the quantity of air had difap- 
pearedj and finding that the remainder made an 
effervefcence with nitrous air, I concluded that it 
muft have become fit for refpiration, whereas this 
kind of air is, at the firft, as noxious as any other 
kind whatever. To afcertain this, I put a moufe 
into a veflel containing 2§ ounce meafures of it, and 
obferved that it lived in it twenty minutes, which is 
as long as a moufe will generally live in the fame 
quantity of common air. This moufe was even 
taken out alive, and recovered very well. Still alfo 
the air in which it had breathed fo long was inflam- 
mable, though very weakly fo. I have even found 
it to be fo when a moufe has a&ually died in it. 

A a 2 Inflam- 
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Inflammable air thus diminished by agitation it> 
water, makes but one explofion on the approach of 
a candle exactly like a mixture of inflammable air 
with common air. 

From this experiment I concluded that, by con- 
tinuing the fame procefs, I fhould deprive inflam- 
mable air of all its inflammability, and this I found 
to be the cafe ; for, after a longer agitation, it ad- 
mitted a candle to burn in it, like common air, only 
more faintly $ and indeed by the teft of nitrous air 
it did not appear to be near fo good as common air.. 
Continuing the fame process ftill farther,, the ak 
which had been moft ftrongly inflammable a little 
before, came to extinguifh a candle, exactly like air 
in which a candle had burned out, nor could they 
be diftinguifhed by the teft of nitrous air* 

I found, by repeated trials, that it was difficult to 
catch the time in which inflammable air obtained 
from metals, in coming to extinguifh flame, was in 
the ftate of common air, fo that the tranfition from 
the one to the other* muft be very fhort. I readily, 
however, found this ftate in a quantity of inflam- 
mable air extradited from oak, which air I had kept 
by me a year, and in which- a plant had grown, 
though very poorly, for fome part of the time. A 
quantity of this air, after being agitated in water till 
it was diminifhed about one half, admitted a candle 
to burn in it exceedingly well, and was even hardly 
to be diftinguifhed from commoq air by the teft of 
nitrous air. 

I took fome pains to a/certain the quantity of di- 
minution, in frefh made and very highly inflam- 
mable air from iron,, at which it ceafed to be inflam- 
mable, 
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mable, and, upon the whole, I concluded that it was 
fo when it was diminifhed a little more than 
one half: for a quantity which was diminifhed 
exaflly one half had fomething inflammable in it, 
but in the flighteft degree imaginable. 

Finding that water would imbibe inflammable air, 
I endeavoured to impregnate water with it, by the 
fame procefs by which I had made water imbibe 
fixed air; but though I found that diftilled water 
would imbibe about one fourteenth of its bulk of in- 
flammable air, I could not perceive that the. tafte- of 
it was fenfibly altered* 

Of Air infected with animal respiration, 

or putrefaction. 

That candles will burn only a certain time, is a 
fa£t not better known, than it is that animals can 
live only a certain time, in a given quantity of air ; 
but the caufe of the death of the animal is not better 
known than that of the.extin&ion of flame in the 
fame circumftances ; and when once any quantity of 
air has been rendered noxious by animals breathing 
in it as long as they could, I do not know that any 
methods have been difcovered of rendering it fit for 
breathing again. It is evident, however, that there 
muft be fome provifion in nature for this purpofe, as 
well as for that of rendering the air fit for fuftaining 
flame ; for without it the whole mafs of the atmo- 
fphere would, in time, become unfit for the purpofe 
of animal life 3 and yet there is no reafon to think 
that it is, atprefent, at all lefs fit for refpiratioa than 

it 
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it has ever been. I flatter myfelf, however, that I 
have hit upon two of the methods employed by na- 
ture for this great purpofe. How many others there 
may be, I cannot tell. 

When animals die upon being put into air 
in which other animals have died, after breathing in 
it as long as they could, it is plain that the caufe of 
their death is not the want of any pabulum vitce % 
which has been fuppofed to be contained in the air, 
but on account of the air being impregnated with 
fomething ftimulating to their lungs ; for they almoft 
always die in convulsions, and are fometimes affeded 
fo fuddenly, that they are irrecoverable after a fingle 
infpiration, though they be withdrawn immediately, 
and every method has been taken to bring them to life 
again. They are affedted in the fame manner, when 
they are killed in any other kind of noxious air that 
I have tried, viz. fixed air, inflammable air, air 
filled with the fumes of brimftone, infected with 
putrid matter, in which a mixture of iron filings and 
brimftone has ftood, or in which charcoal has been 
burned, or metals calcined, or in nitrous air, &c. 

If a moufe (which is an animal that I have com- 
monly made ufe of for the purpofe of thefe experi- 
ments) can ftand the firft (hock of this ftimulus, or 
has been habituated to it by degrees, it will live a 
confiderable time in air in which other mice will 
die inftantaneoufly. I have frequently found that 
when a number of mice have been confined in a 
given quantity of air, lefs than half the time that 
they have actually lived in it, a frefli moufe has been 
inftantly thrown into convulfions, and died upon 
being put to theoit It is evident, therefore, that if 

the 
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the experiment of the Black Hole were to be re- 
peated, a man would (land the better chance of fur- 
viving it, who fhould enter at the firft, than at the 
laft hour. I have alfo obferved, that young mice 
will always live much longer than old ones, or than 
thofe which are full grown, when they are confined 
in the -fame quantity of air. I have fometimes known 
a young moufe to live fix hours in the fame circum- 
ftances in which an old moufe has not lived one. 
On thefe accounts, experiments with mice, and, for 
the fame reafon, no doubt, with other animals alfo, 
have a confiderable degree of uncertainty attending 
them j and therefore, it is neceflfary to repeat them 
frequently, before the refult can be absolutely depend- 
ed upon. 

The difcovery of the provifion in nature for re- 
ftoring air, which has been injured by the refpiration 
of animals, having long appeared to me to be one of 
the moft important problems in natural philofophy, 
I have tried a great variety of fchemes in order to 
effe£t it. In thefe, my guide has generally been to 
confider the influences to which the atmofphere is, 
in fad, expofed ; and, as fome of my unfuccefsful 
trials may be of ufe to thofe who are difpofed to take 
pains in the farther inveftigation of this fubjeft, I 
fhall mention the principal of them. 

The noxious effluvium with which air is loaded 
by animal refpiration, is not abforbed by flanding 
without agitation in frefib or fait water. I have kept 
it many months in frefh water, when, inftead of 
being meliorated, it has feemed to become even more 
deadly, fo as to require more time to reftore it, by 
the methods which will be explained hereafter, than 

air 
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air which has been lately made noxious. I have 
even fpent feveral hoars in pouring this air from one 
glafs veffel into another, in water, fometimes as cold, 
and fometimes as warm, as my hands could bear it, 
and have fometimes alfo wiped the veffels many 
times, during the courfe of the experiment, in order 
to take off that part of the noxious matter, which 
might adhere to the glafs veffels, and which evi- 
dently gave them an offenfive fmell j but all thefe 
methods were generally without any fenfible effeCt. 
The motion, alfo, which the air received in thefe 
circumftances,, it is very evident, was of no ufe for this 
purpofe. 

This kind of air k not reftored by being expofed to 
the light, or by any other influence to which it is 
expofed, when confined in a thin phial, in the open 
air, for fome months. 

Among other experiments, I tried a great variety 
of different effluvia, which are continually exhaling 
into the air, efpecially of thofe fubftances which are 
known to refill putrefaction ; but I could not by thefe 
means effeCt any melioration of the noxious quality of 
this kind of air. 

Having read, in the Memoirs of the Imperial So- 
ciety, of a plague not afflicting a particular village, 
in which there was a large fulphur work, I imme- 
diately fumigated a quantity of this kind of air; or 
(which will hereafter appear to be the very fame 
thing) air tainted with putrefaction, with the fumes 
of burning brimftone, but without any efteCt. 

I once imagined, that the nitrous acid in the air 
might be the general reftorative which I was in 
queft of; and the conjecture was favoured, by find- 
ing 
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ing that candles would burn, and animals live, ia 
air extracted from faltpetre. I therefore fpent a 
good deal of time in attempting, by a burning-glafs, 
and other means, to impregnate this noxious air 
with fome effluvium of faltpetre, and, with the fame 
view, introduced into it the fumes of the fmoaking 
fpirit of nitre; but both thefe methods were altoge- 
ther ineffectual. 

In order to try the effect of heat, I put a quantity 
of air,, in which mice had died, into a bladder, tied 
to the end of the ftcm of a tobacco-pipe, at the other 
end of which was another bladder, out of which the 
air was carefully prefled. I then put the middle 
part of the ftem into a chafing-difh of hot coals, 
flrongly urged with a pair of bellows ; and, prfcffing 
the bladders alternately, I made the air pafs feveral 
times through the heated part of the pipe. 1 have 
alfo made this kind of air very hot, (landing in water 
before the fire. But neither of thefe methods were of 
any ufe. 

Rarefaction and condenfation by inftruments were 
alfo tried, but in vain. 

Thinking it pofllble that the earth might imbibe 
the noxious quality of the air, and thence fupply the 
roots of plants with fuch putrefcent matter as is 
known to be nutritive to them, I kept a quantity 
of air, in which mice had died, in a phial, one half 
of which was filled with fine garden mould ; but, 
though it flood two months in thefe circumftances, 
it was not the better for it. 

I once imagined that, fince feveral kinds of air 

cannot be long feparated from common air, by being 

confined in bladders, in bottles well corked, or even 
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clofed with ground floppies, the affinity between 
this noxious air and the common air might ba fo 
great, that they would mix through a body of water 
interpofed between them ; the water continually re* 
ceiving from the one, and giving to the other, efpe-> 
dally as water receives feme kinds o£ impregnation 
from, I believe, every kind of air to which it is con-* 
tiguous s but I have feen no reafon to conclude, that 
a mixture of any kind of ajr with the common air 
can be produced in this manner. I have kept air irv 
which mice have- died, air in which candles hav$ 
burned out, and inflammable air, feparated from* 
$he common air, by the flighted; partition .of water 
that I could well make, fo that it might not eva- 
porate in a day or two, if I fhould happen not to 
attend to them ; but h found no change in them 
after a. month or fix, weeks.^ The inflammable air 
was ft ill inflammable, mice died> intently in the air 
m which, other mice had died before, and candles 
would not burn where they had burned out before* . 

Smce air tainted with animal or vegetable pu- 
trefa&ion is the fame thing with air rendered no- 
xious by, animal refpiration, I {hall now recite the 
ohfervatfons which I have made upon this kind of air^ 
before I treat; of the method of reftoring them* 

That thefe two kind? of air are, in fa<3, the fame 
thing, I conclude from their having feveral remark- 
able common properties, and from their differing ia 
nothing that I have been, able to obferve.. They 
equally extinguish flame, they are equally noxious 
to animals, they are equally, and in the fame way, 
offenfive to the fmeil, they are equally diminished 

ia 



[ '87 ] 

in their quantity, they equally precipitate in lime- 
water, and they are reftored by the fame means. 

Since air which has pafled through the lungs is the 
fame thing with air tainted with animal putrefaction, 
it is probable that one ufe of the lungs is to carry off 
a putrid effluvium, without which, perhaps, a living 
body might putrefy as foon as a dead one. 

When a moufe putrefies in any given quantity of 
air, the bulk of it is generally increafed for a few 
days ; but in a few days more it begins to (hrink up, 
and generally, in about eight or ten days, if the wea- 
ther be pretty warm, it will be found to be diminished 
i, or .' of its bulk. If it do not appear to be di- 
minifhed after this time, it only requires to be pafled 
through water, and the diminution will not fail to 
be fenfible. I have fometimes known almoft the 
whole diminution to take place, upon once or twice 
paffing through the water. The fame is the cafe 
with air, in which animals have breathed as long as 
they could. Alfo, air in which candles have burned 
cut may almoft always be farther reduced by this 
means. All thefe procefles, as I obferved before, 
feem to difpofe the compound mafs of air to part 
with fome conftituent part belonging to it $ and this 
being mifcible with water, muft be brought into 
contact with it, in order to mix with it to the 
mod advantage, efpecially when its union with the 
other conftituent principles of the air is but partially 
broken. 

I haveputmice into veffelsrwhich had their mouths 
immerfed in quickfilver, and obferved that the air 
was not much contra&ed after they were dead or 
cold; but upon withdrawing the mice, and -admitting 
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lime-water to the air it immediately became turbid* 
and was contracted in its dimensions as ufuaL 

I tried the fame thing with air tainted with putre- 
faction, putting a dead moufe to a quantity of 
common air, in a veflel which had its mouth im- 
merfed in quickfilver, and after a week I took the 
moufe out, drawing it through the quickfilver, and 
obferved that for fome time there was an apparent 
increafe of the air perhaps about JL.. After* this, 
it ftood two days in the quickfilver, without any 
fenfible alteration ; and then admitting water to it, 
it began to be abforbed, and continued ib 9 till the 
original quantity was diminifhed about i.. If, in- 
ftead of common water, I had made ufe of lime 
water in this experiment, I make no doubt but it 
would have become turbid. 

If a quantity of lime-water in a phial be put under 
a glafs veffel ftanding in water, it will not become 
turbid, and provided the accefs of the common air 
be prevented, it will continue lime-water, I do not 
know how long ; but if a moufe be left to putrefy in 
the veffel, the water will depofit all its lime in a few 
days. This may be owing to the fixed air being 
transferred from the putrid moufe into the water, and 
yet it is evident that there is a putrid effluvium intirely 
diftina from this kind of air, and which has very 
different properties. 

It is a doubt with me, however, whether the 
putrid effluvium be not chiefly fixed air, with the ad- 
dition of fome other effluvium, which has the 
power of diminishing common air. The refem- 
blance between the true putrid effluvium and fixed: 
air in the following experiment,, which is as decifive 

as 
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as I can poffibly contrive it, appeared to be very 
great; indeed, much greater than I had expecfted. 
I put a dead moufe into a tali glafs veffel, and 
having filled the remainder with quickfilver, and fet 
it, inverted, in a pot of quickfilver, I let it (land 
about two months, in which time the putrid effluvium 
iffuing from the moufe had filled the whole veffel, 
and part of the diffolved blood, which lodged upon 
the furface of the quikfilver, began to be thrown out. 
I then filled another glafs veffel, of the lame fize and 
fhape, with as pure fixed air as I could make, and 
expofed them both, at the fame time, to a quantity 
of lime-water. In both cafes the water grew turbid 
alike, it rofe equally faft in both the veffels, and like- 
wife equally high ; fo that about the fame quantity 
remained unabforbed by the water. One of thefe 
kinds of air, however,, was exceedingly fweet and 
pleafant, and the other infufferably offenfive ; one of 
them alfo would have made an addition to any 
quantity of common air with which it had been 
mixed, and the other would have diminished it. 
This, at leaft, would have been the confequence, if 
the moufe itfelf had putrefied in any quantity of air. 

It feems to depend, in fome meafure, upon the 
time, and other circumftances, in the difiblution of 
animal or vegetable fubftances, whether they yield 
the proper putrid effluvium, or fixed, or inflammable 
air; but the experiments which. I have made upon 
this fubjeft, have not been numerous enough to 
enable me to decide .with certainty concerning thofe 
circumftances. Putrid cabbage, green, or boiled y in~ 
fe&s the air in the very fame manner as putrid animal 
fubftances. Air thus tainted is equally contracted 

m 
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in Its dimenfions, it equally cxfingoiflics flame, and 
is equally noxious to animals *, but they affed the air 
very differently if the heat that is applied to them be 
considerable. If beef or mutton, raw, or boiled, be 
placed fo near to the fire, that the heat to which it 
is expofed (hall equal, or rather exceed, that of the 
blood, a confiderable quantity of air will be generated 
in a day or two, about ^th of which I have generally 
found to be abforbed by water, while all the reft was 
inflammable ; but air generated from vegetables, in 
-the fame circuni fiances, will be almoft all fixed, and 
no part of it inflammable* This I have repeated 
again and again, the whole procefs being in quick- 
iilver; fo that neither common air, nor water, had 
any accefs to the fubftance on which the experiment 
was made ; and the generation of air, or effluvium 
of any kind, except what might be abforbed by 
qukkfilver, or reforbed by the fubftance itfelf, might 
be diftin&ly noted. 

A vegetable fubftance, after ftanding a day or two 
in thefe circumftances, will yield nearly all the air 
that can be extradted from it, in that degree of heat ; 
whereas an animal fubftance will continue to give 
more air or effluvium, of fome kind or other, with 
very little alteration, for many weeks. It is re- 
markable, however, that though a piece of beef or 
mutton, plunged in quickfilver, and kept in this de- 
gree of heat, yield air, the bulk of which is inflam- 
mable, and contrads no putrid fmell (at leaft, in a 
day or two), a moufe treated in the fame manner, 
yields the proper putrid effluvium, as, indeed the 
fmell fufficiently indicates i and this effluvium does 

either 



[ I 9i ] 

either itfelf extinguifh flame, or has in it fuch a mix- 
ture of fixed air, as to give it that property. 

That the putrid effluvium will mix with water 
feems to be evident from the following experiment. 
If a moufe be put into a jar full of water, (landing 
with its mouth inverted in another veflel of water, a 
considerable quantity of elaftic matter (and which 
may, therefore, be called air) will foon be generated, 
unlefs the weather be fo cold as to check all putre- 
faftion. After a fliort time, the water contracts an 
extremely fetid and offenfive fmell, which feems to 
indicate that the putrid effluvium pervades the water, 
and affects the neighbouring air ; and fince, after this, 
there is often no increafe of ' th& air, that feems to be 
the very fubftance which is carried off through the 
water, as fall: as it is generated ; and the offenfive 
fmell is a fufficient proof that it is not fixed air. For 
this has a very agreeable flavour, whether it be pro- 
duced by fermentation, or extrafted from chalk by 
oil of vitriol ; affefting not only the mouth, but 
even the noftrils, with a pungency which is pe- 
culiarly pleafing to a certain degree, as any perfon 
may eafily fatisfy himfelf who will chiife to make, 
the experiment. If the water in which the. moufe 
was immerfed, and which is faturated with the pu* 
trid air, be changed, the greater part of the putrid 
air will, in a day or two, be abforbed, though the 
moufe continues to yield the putrid effluvium as be- 
fore; for as foon as this frefh water becomes faturated 
with it, it begins to be offenfive to the fmell,. and 
the quantity of the putrid air upon itsfurface increa- 
fes as: before, I kept a moufe producing putrid m in 
this manner for the fpace of feveral months. 
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Six ounce meafures of air not readily abforbed by 
water, appeared to have been generated from one 
moufe, which had been putrefying eleven days in con - 
fined air, before it was put into ajar which was quite 
filled with water, for the purpofe of thisobfervation. 

Air thus generated from putrid mice {landing in 
water, without any mixture of common air, ex- 
tinguifhes flame, and is noxious to animals, but 
not more fo than common air only tainted with pu- 
trefeftion. It is exceedingly difficult and tedious to 
colled a quantity of this putrid air, not mifcible in 
water, fo very great a proportion of what is colle£t- 
ed being abforbed by the water, in which it is kept; 
but what that proportion is, I have not endeavoured 
to ascertain* 

Though a quantity of air be diminished by any 
fubftance putrefying in it, I have not yet found the 
Came effeft to be produced by a mixture of putrid air 
with common air; but, in the manner in which I 
Jhave hitherto made the experiment, I was obliged 
to let the putrid air, pals through a body of water ; 
which might inftantly abforb whatever it was in the 
putrid fubftamce, that diminifhed the common air* 

Infedts of various kinds live perfeftly well in 
air tainted with animal or vegetable putrefaftion, 
when a fingle infpiration of it would have inftantly 
killed any animal. I have frequently tried the ex- 
periment with flies and butterflies. I have alfo 
<obferved, that the aphides will thrive as well upon 
plants growing in this kind of air, as in the open 
.air. I have even been frequently obliged to take 
plants out of the putrid air in which they were 
growing, on purpofe to brufh away the fwarms of 
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thefe infe&s which infe&ed them ; and yet fo ef** 
feftually did fome of them conceal themfelves, and 
fo fafl did they multiply, in thefe circumftances, 
that I could feldom keep the plants quite clear of 
them. 

When air has been freflily and ftrongly tainted 
with putrefa&ion, fo as to fmeil through the water, 
fprigs of mint have prefently died, upon being put 
into it, their leaves turning black ; but if they do 
not die prefently, they thrive in a mofl furprizing 
manner. In no other circumftances have I ever 
feen vegetation fo vigorous as in this kind of air, 
which is immediately fatal to animal life. Though 
thefe plants have been crouded in jars filled with this 
air, every leaf has been full of life ; frefh (hoots 
have branched out in various directions, and have 
grown much fafter than other fimilar plants, grow- 
ing in the fame expofure in common air. 

This obfervation led me to conclude, that plants, 
inftead of afleding the air in the fame manner with 
animal refpi ration, reverfe the effe&s of breathing, 
and tend to keep the atmofphere fweet and whole- 
fome, when it is become noxious, in confequence 
of animals living and breathing, or dying and pu- 
trefying in it. 

In order to afcertain this, I took a quantity of air, 
made thoroughly noxious, by mice breathing and 
dying in it, and divided it into two parts ; one of 
which I put into a phial immerfed in water; and to 
the other (which was contained in a glafs jar, ftand- 
ing in wat.er) I put a fprig of mint. This was about 
the beginning of Auguft 1771, and after eight or 
nine days, I found that a moufe lived perfe&ly well 
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in that part of the air, in which the fprig of mint had 
grown, but died the moment it was put into the 
other part of the fame original quantity of air; and 
Which I had kept in the very fame expofure, but 
without any plant growing in it. 

This experiment I have feveral times repeated ; 
fometimes uiing air, in which animals had breathed 
and died ; fometimes ufing air tainted with vege- 
table or animal putrefadion, and generally with 
the fame fuccefs. 

Once, I let a moufe live and die in a quantity of 
air, which had been noxious, but which had been 
teftored by this procefs, and it lived nearly as long 
as I conjectured it might have done in an equal quan- 
tity of frefh air; but, this is fo exceedingly various, 
that it is not eafy to form any judgment from it ; 
and in this cafe the fymptom of difficult refpiration 
feemed to begin earlier than it would have done in 
common air. 

Since the plants that I made ufe of manifeftly 
grow and thrive in putrid air ; fince putrid matter 
is well known to afford proper nourifhment for the 
roots of plants ; and fince it is likewife certain that 
they receive nourifhment by their leaves as well as 
by their roots, it feems to be exceedingly probable, 
that the putrid effluvium is in fome meafure extraft- 
ed from the air, by means of the leaves of plants, and 
therefore that they render the remainder more fit for 
refpiration. 

Towards the end of the year fome experiments 
of this kind did not anfwer fo well as they had done 
before, and I had instances of the relapfing of this 
reftored air to its former noxious ftate. I therefore 
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fufpended my judgment concerning the efficacy of 
plants to reftore this kind of noxious air, till I 
fhould have an opportunity of repeating my experi- 
ments, and giving more attention to them. Ac- 
cordingly I refumed the experiments in the fum* 
mer of the year 1772, when I presently had the 
moft indifputable proof of the restoration of putrid 
air by vegetation ; and as the fa£t is of fome im- 
portance, and the fubfequent variation in the {late 
of this kind of air is a little remarkable; I think 
it neceflary to relate fome of the fa&s pretty cir- 
cumstantially. 

The air, on which I made the firft experiments, 
was rendered exceedingly noxious by mice dying in 
it on the 20th of June. Into a jar nearly filled 
with one part of this air, I put a fprig of mint, 
while 1 kept another part of it in a phial, in the 
fame expofure ; and on the 27th of the fame month, 
and not before, I made a trial of it, by introducing 
a moufe into a glafs veflel, containing 24. ounce mea* 
fures filled with each kind of air ; and I noted the 
following fafts. 

When the veffel was filled with the air in which 
the mint had grown, a very large moufe lived five 
minutes in it, before it began to fhew any fign of 
uneafinefs. I then took it out, and found it to be as 
ftrong and vigorous as when it was firft put in ; 
whereas in that air which had been kept^ in the 
phial only, without a plant growing in it, a younger 
moufe continued not longer than two or three fe- 
conds, and was taken out quite dead. It never 
breathed after, and was immediately motionlefs. 
After half an hour> in which time the larger moufe 

C c a (which 
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(which I had kept alive, that the experiment might 
be made on both the kinds of air with the very 
fame animal) would have been fufficiently recruited* 
fuppofing it to have received any injury by the 
former experiment, was put into the fame veflel of 
air ; but though it was withdrawn again, after be- 
ing in it hardly one fecond, it was recovered with 
difficulty, not being able to ftk from the place foe 
Bear a minute. After two days^ I put the fame 
moufe into an equal quantity of common air, and 
ebferved that it continued feven minutes without 
any fign of uneafinefs; and being very uneafy after, 
three minutes longer, I took it out. Upon the 
whole, I concluded that the reftored air wanted 
about one fourth of being as wholefbme as common 
air. The fame thing alfo appeared when I applied 
the teft of nitrous air. 

In the {even days, in which the mint was grow* 
ing in this jar of noxious air, three old flioott had 
extended themfelves about three inches,^ and feveral 
new ones had made their appearance in the fame 
time. Dr. Franklin and Sir John Pringle happened 
to be with me, when the plant had been three or 
four days. in this ftate, and took notice of its vigorous, 
vegetation,, and remarkably heakhy appearance in 
that confinement. 

On the 30th of the fame month, a moufe lived 
fourteen minutes, breathing naturally all the time* 
and without appearing to be much uneafy, till the 
laft two minutes, in air which had been rendered 
noxious by mice breathing in it almoit a year before, 
and which I had found to be moid highly noxious on 
the 1 9th of this month, a plant having grown in it* 

but 
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but not exceedingly well, thefe eleven days; on which 
account, I had deferred making the trial fo long. 
This reftored air was affe&ed by a mixture of ni- 
trous air, almoft as much as common air. 

As this putrid air was thus eafily reftored to a 
confiderable degree of fitnefs for refpiration, by 
plants growing in it, I was in hopes that by the 
fame means it might in time be fo much more 
perfe&ly reftored, that a candle would burn in 
it ; and for this purpofe I kept plants growing, 
in the jars which contained this air till the 
middle of Auguft following, but did not take fuffi- 
cietit care to pull out all the old. and rotten leaves. 
The plants, however, had grown, and looked fa 
well upon the whole, that I had no doubt but that 
the air. muft conftantly have been in a mending 
ftate ; when I was exceedingly furprized to find, 
on the 24th of that month, that though the air in 
one of the jars had not grown worfe, it was no 
better, and that the air in the other jar was fo much 
worfe than it had been,, that a moufe. would have 
died in it in a few feconds. It alfo made no effer- 
vefcence with nitrous air,, as it had done before. 

Sufpedting that the. fame plant might be capable 
of reftoring putrid air to a certain degree only^ 
or that plants might have a contrary tendency in 
fome ftages of their growth y I withdrew the old 
plant, and put a frefh one in its place ;. and found 
that, after feven days, the air was reftored to its 
former wholefome ftate. This fad I conlider as a 
very remarkable one, and well deferving of a far- 
ther inveftigation, as it may throw more light upon 
the principles of vegetation. It is not, however,. 
7 a-fingle 
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a fingle faft ; For I had feveral inftances of the fame 
kind in the preceding year; but it feemed fo very 
extraordinary, that air fliould grow worfe by the 
continuance of the fame treatment by which it had 
grown better, that, whenever I obferved it, I con* 
eluded that I had not taken fufficient care to fatisfy 
myfelf of its previous reftoration. 
m That plants are capable of perfectly reftoring'aif 
injured by refpiration, may, I think, be inferred 
with certainty from the perfect reftoration, by this 
means, of air which had paflcd through my lungs, 
fo that a candle would burn in it again, though it 
had extinguifhed flame before, and a part of the 
fame original quantity of air ftill continued to do 
fo. Of this one inftance occurred in the year ijji* 
a fprigof mint having grown in a jar of this kind 
of air, from the 25th of July to the 17th of Au- 
guft following; and another trial I made with the 
fame fuccefs the 7th of July 1772, the plant having 
grown in it from the 29th of June preceding. In 
this cafe alfo 1 found that the effeft was not owing 
to any virtue in the leaves of mint ; for I kept them 
conftantly changed in a quantity of this kind of 
air, for a confiderable time, without making any 
ienfible alteration in it* 

Thefe proofs of a partial reftoration of air by 
plants in a ftate of vegetation, though in a con- 
fined and unnatural fituation, cannot but render it 
highly probable, that the injury which is continually 
done to the atmofphere by the refpiration of fuch 
a number of animals, and the putrefa&ion of fuch 
maffes of both vegetable and animal matter, is, in 
part at leaft, repaired by the vegetable creation* 

And, 
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And, not withfta tiding the prodigious mafs of air 
that is corrupted daily by the abovementioned eaufes j 
yet, if we confider the immenfe profufion of ve- 
getables upon the face of the earth, growing in 
places fuited to their nature, and consequently at 
full liberty to exert all their powers, both inhaling 
and exhaling, it can hardly be thought, but that 
it maybe a fufficient counterbalance to it, and 
that the remedy is adequate to the evil. 

Dr. Franklin, who, as I have already obferved,, 
fawfomeofmy plantain a very flourifhing ftate,. 
in highly noxious air, was pleafed to exprefs very 
great fatisfa&ion with the refult of the experi- 
ments. In his anfwer to the letter in which I in- 
formed him of it, he fays, 

" That the vegetable creation fhould reflore the 
u air which is fpoiled by the animal part of it r 
*' looks like a rational fyflem, and feems to be of 
« a piece with the reft. Thus fire purifies water 
" all the world over. It purifies it by diftillation, 
" when it raifes it in vapours, and lets it fill in 
" rain; and farther ftill by filtration, when, keep- 
's ing it fluid, it fufFers that rain to percolate the 
" earth. We knew before, that putrid animal fub- 
" fiances were converted into fweet vegetables, 
" when mixed with the earth, and applied as 
" manure; and now, it feems, that the fame pu~ 
" trid fubftances, mixed with the air, have a fimi- 
lar effeft. The ftrong thriving flate of your 
mint in putrid air feems to (hew that the air is 
mended by taking fomething from it y and not 
" by adding to it."' He adds", "I hope this will 
" give fome check to the rage of deftroying trees. 
& "• that 
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" that grow near houfes, which has accompanied 
" our late improvements in gardening, from an 
" opinion of their being unwholefome. I am cer- 
" tain, from long obfervation, that there is no- 
< c thing unhealthy in the air of woods ; for we 
" Americans have every where our country habi- 
" tations in the midfl of w r oods, and no people on 
" earth enjoy better health, or are more prolific." 

Having rendered inflammable air perfeftly in- 
noxious by continued agitation in a trough of water, 
deprived of its air, I concluded that other kinds of 
noxious air might be reftored by the fame means ; 
and I prefently found that this was the cafe with 
putrid air, even of more than a year's {landing. I 
{hall obferve once for all, that this procefs has ne- 
ver failed to reftore any kind of noxious air on 
which I have tried it, viz. air injured by refpira- 
tion or putrefa£tion, air infe&ed with the fumes 
of burning charcoal, and of calcined metals, air 
in which a mixture of iron filings and brimftone, 
or that in which paint made of white lead and oil 
has flood, or air which has been diminifhed by a 
mixture of nitrous air. Of the remarkable effe& 
which this procefs has on nitrous air itfelf, an ac- 
count will be given in its proper place. 

If this procefs be made in water deprived of air ? 
either by the air pump, by boiling, by diftillation, 
or if frefh rain water be ufed, the air will always 
be diminifhed by the agitation; and this is cer- 
tainly the fairefl method of making the experi- 
ment. If the water be frefh pump water, there 
will always be an increafe of the air by agitation, 
the air contained in the water being fet loofe, and 

joining 
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joining that which is in the jar. In this cafe, alfb* 
the air has never failed to be reftored ; but then it 
might be fufpe&ed that the melioration was pro* 
duced by the addition of fome more wholefome 
ingredient. As thefe agitations were made in jars 
with wide mouths, and in a trough which had a 
large furface expofed to the common air, I take k 
for granted that the noxious effluvia, whatever 
they be, were firft imbibed by the water, and 
thereby tranfmitted to the common atmofphere* 
In fome cafes this was furficiently indicated by the 
difagreeablefmell which attended the operation. 

After I had made thefe experiments, I was in- 
formed that an ingenious phyfician and phitofopher 
had kept a fowl alive twenty-four hour, in a quantity 
of air in which another fowl of the fame fize had 
not been able to live longer than. an hour, by con- 
triving to make the air, which it breathed, pais 
through no very large quantity of acidulated water, 
the furface of which was not expofed to the common 
air ; and that even when the water was not acidula- 
ted, the fowl lived much longer than it could have 
done, if the air which it breathed had not been 
drawn through the water* As I fhould not have 
concluded that this experiment would have fucceed- 
ed fo well, from atiy obfervauons that I had made 
Upon the fubjeft, I took a quantity of air in which 
mice had died, and agitated it very ftrongly, firft itx 
about five times its own quantity of diftilled water, m 
the manner in which I had impregnated water with 
4ixed air $ but though the operation was continued a 
long time, it made no fcnuble change in the pro- 
perties of the ab. I alfo repeated the operation with 
Voju LXIL D d pump 
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pump water, but with as little effe&. In this cafe* 
however, though the air was agitated in a phial*, 
which had a narrow neck, the furface of the water in 
thebalbn was con fiderably large, and expofed to the 
common atmofphere, which muft have tended a little 
to favour the experiment. In order to judge more 
precifely of the effed of thefe different methods of 
agitating air, I transfered the very noxious air, 
which 1 had not been able to amend in the kaft de- 
gree by the former method, into an open jar,, ftand^ 
ing in a though of water; and when I had agitated 
it till it was diminifhed about one third* I found it 
to be better than air, in which caudles had burned 
out, as appeared by the tefl: of the nitrous air; and 
a moufe lived in 2 £ ounce meafures of it a< quarter of 
an hour, and was not fenfibly affe&ed the firft tea 
or twelve minutes. 

In order to determine whether the addition of any 
acid to the water, would make it more capable of 
reftoring putrid air, I agitated a quantity of it in a 
phial containing very fbong vinegar; and after 
that in aqua for Us, only half diluted with water ; 
but, by neither of thefe proeeffes = was the air at all 
mended, though the agitation was repeated at inter- 
vals during a whole day, and it was moreover al* 
lowed to ftand in that fituation all night. 

Since, however,, water in thefe experiments muft 
have imbibed and retained a certain portion of the 
noxious effluvia, before they could be tranfmited to 
the external air, I do not think it improbable bufethat 
the agitation of the fea and large lakes may be of 
fome ufe for the purification of the. atmofphere, 
and the putrid matter contained in water may be 

imbibed 
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imbibed by aquatic plants, or be deposited in fome 
other manner. 

Having found, by feveral experiments above- 
mentioned, that the proper putrid effluvium is fome- 
thing quite diftind from fixed air, and finding, by 
the experiments of Dr. Macbride, that fixed air cor- 
vcds putrefaction ; I once concluded that this effed 
was produced, not by flopping the flight of the fixed 
air, or reftoring to the putrefying fubftance the 
very fame thing that had efcaped from it; and 
which was the common vinculum of all its parts 
(which is that ingenious author's hypothefis) but 
by an affinity between the fixed air and the putrid 
effluvium. It therefore occurred to me, that fixed 
air, and air tainted with putrefa&ion, though 
equally noxious when feparate, might make a 
wholefome mixture, the one corre&ing the other ; 
and I was confirmed in this opinion by, I believe, 
not lefs than fifty or fixty inftances, in which air, 
that had been made in the higheft degree noxious, 
by refpiration orputrefaition, was fb far fweetened, 
by a mixture of about four times as much fixed air 
that afterwards mice lived in it exceedingly well, 
and in fome cafes almoft as long as in common air. 
I found it, indeed, to be more difficult to reftore 
old putrid air by this means ; but I hardly ever 
failed to do it, when the two kinds of air had flood 
a long time together, by which I mean about a 
fortnight or three weeks. 

The reafon why I do not abfolutely conclude 
that the reftoration of air in thefe cafes was the 
effeft of fixed air, is that, when I made a trial of 
the mixture, I fometimes agitated the two kind* 

D d z of 
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of air pretty ftrongly together, in a trough oF 
water, or at leaft pafled it feveral times through 
the water, from one jar to another, that the iu- 
perfluous fixed air might be abforbed, not fufpe<51> 
ingat that time that the agitation could have any 
other efteft ; but having iince found that very vio- 
lent, and efpecially long continued agitation ia 
water, without any mixture of fixed air, never 
failed to render any kind of noxious air in fome 
meafure fit for refpiration (and in one particular 
inftance the mere transferring of the air from one 
veflel to another through the water, though for a 
much longer time than I ever ufed for the mix- 
tures of air, was of considerable ufe for the fame 
purpofe) ; I began to entertain fome doubt of the 
efficacy of fixed air, for that purpofe. In fome cafes 
alfo the mixture of fixed air had by no means fi> 
much effeffc On the putrid air as, from the genera- 
lity of my obfervations,, I fhould have expected. 

I was always aware, indeed, that it might be 
faid, that, the refiduum, of fixed air not being very 
noxious, fuch an addition muft contribute to mend 
the putrid air;; but,, in order to obviate this ob- 
jeftion, I once mixed the refiduum of as much 
fixed air as I had found, by a variety of trials, to 
be fufiicient to reftore a given quantity of putrid air* 
with an equal quantity of putrid air^without mak«* 
ing any fenfible melioration of it; 

Upon the whole, I am inclined to think that 
this procefs could hardly have fucceeded fo well as 
it did with me, and in fo great a number of trials, 
unlefs fixed air have fome tendency to correal air 
tainted with refpiration or putrefa&ion ; and it is 

5 perfectly 
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perfe&ly agreeable to the analogy of Dr. Mac- 
bride's difcoveries, and may naturally be expe&ed 
from them, that it fhould have fuch an efFe^L 

By a mixture of fixed air I have made whole- 
fome the refiduum of air generated by putrefac- 
tion only, from mice plunged in water. This, 
©ne would imagine, a priori^ to be the moft nox-* 
ious of all kinds of air. For if common air only 
tainted with putrefa&ion be fo deadly,, much more 
might one expedb that air to be fp, which was ge- 
nerated from putrefaction only ; but it feems to be 
nothing more than common air tainted with pu- 
trefaction,, and therefore requires no other procefs 
to fweeten it. In this cafe, however, we feem to 
have an inftance of the generation of genuine com- 
mon air,, though mixed with fomething that is 
foreign to ifc. Perhaps the refiduum of fixed air 
may be another inftance of the fame nature. 

Fixed air is equally diffufed through the whole 
mafs of any quantity of putrid air with which it is 
mixed; for dividing the mixture into two equal 
parts, they were reduced in the fame proportion 
by paffing through water. But this is alio the cafe 
with forme of the kinds of air which will not .incor- 
porate, as inflammable air,, and air in which brim** 
fione has burned. 

If fixed air tend to correct air which has been 
injured by animal refpiration or putrefa&ion, lime- 
kilns,, which difcharge great quantities of fixed air, 
may be wholefome in the neighbourhood ofpopu- 
lows. cities, the atmofphere of which muft abound 
with putrid effluvia., I fliould think alfo that phy- 
ficians might avail themfelves of the application^ 

of 



I 206 ] 

of fixed air in many putrid diforders, efpecially as 
it may be fo eafily adminiftered by way of clyfter, 
where it would often find its way to much of the 
putrid matter. Nothing is to be apprehended from 
the diftention of the bowels by this kind of air, 
fince it is fo readily abforbed by any fluid or moift 
fubflance. Since fixed air is not noxious per fe, but, 
like fire, only in excels, I do not think it at all ha- 
zardous to attempt to breathe it. It is however 
eafily conveyed into the ftomach, in natural or 
artificial Pyrmont water, in brifkly fermenting li- 
quors, or a vegetable diet. It is poffible, however, 
that a confiderable quantity of fixed air might be 
imbibed by the abforbing veffels of the (kin, if the 
whole body, except the head, fhould be fufpended 
over a veflel of ftrongly fermenting liquor ; and in 
fome putrid diforders this treatment might be very 
ialutary. If the body was expofed quite naked, 
there would be very little danger from the cold in 
this fituation, and the air having freer accefs to 
the (kin might produce a greater effe£L Being 
no phyfician, I run no rifk by throwing out thefe 
random, and perhaps whimfical, propofals. 

Having communicated my obfervations on fixed 
air, and efpecially my fcheme of applying it by way 
of clyjier in putrid diforders, to Mr. Hey, an in- 
genious furgeon in this town, a cafe prefently oc- 
curred^ in which he had an opportunity of giving 
it a trial ; and mentioning it to Dr. Hird and Dr # 
Crowther, two phyficians who attended the pa- 
tient, they approved the fcheme, and it was put 
in execution : both by applying the fixed air by 
way of clyfter, and at the fame time making the 
4 patient 
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patient drink plentifully of liquors ftrongly impreg- 
nated with it. The event was fuch, that I requefted 
Mr. Hey to draw up a particular account of the cafe, 
defcribing the whole of the treatment*, that the pub- 
lic might be fatisfied that this new application of 
fixed air k perfe&ly fafe, and alfo have an oppor- 
tunity of judging how far it had the effect which I 
expe&ed from it; and as the application is new, 
and not unpromifing, I fhall beg leave to fubjoin his 
letter to me on the fubjeft, by way of Appendix to 
thefe papers. 

V. 

Op Air in which a mixture of brimstone, 
and filings of iron has. stood. 



Finding in Dr. Hales's account of his experiments, 
that there was a great diminution of the quantity of 
air in which a mixture of powdered brimftone an4 
filings of iron,mad6 into apafte with water,had flood, 
I repeated the experiment* and found the diminution 
greater than I had expected. The diminution of 
air by this procefs is made as effe&ually, and as ex- 
peditioufly , in quickfilver as in water j and it may 
be meafured with the greateft accuracy, becaufe there 
is neither any previous expanfion nor increafe of the 
quantity of air, and becaufe it is fome time before 
it begins to have any fenfible effect. The dimi- 
nution of air by this procefs is various ; but I have 

generally 
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generally found it to be between 4 and 4 oF the 
whole. 

Air thus diminished is not heavier, but rather 
lighter than common air ; and though lime-warer 
does not become turbid when it is expofed to this 
air, it is probably owing to the formation of a felenitic 
fait, as was the cafe with the fimple burning of brim- 
jftone abovementioned. That fbmething proceeding 
from the brimftohe ftrongly afFefts the water which 
is confined in the fame place with this brimftone, is 
manifeft from the very ftrong fmell that it has of the 
volatile fpirit of vitriol. I conclude the diminution 
of air by this procefs is of the fame kind with the 
diminution of it in the other cafes* becaufe when this 
mixture is put into air which has been previoufly 
diminifhed, either by the burning of candles, by 
refpiration, or putrefaction, though it never fails to 
diminifh it fomething more-, it is, however, no far- 
ther than this procefs alone would have done it* 
If a frefh mixture be introduced into a quantity of 
air which had been reduced by a former mixture* 
it has little or ho farther eflfe&* 

I obfetved, that when a mixture of this kind was 
taken out of a quantity of ah: in which a candle had 
before burned out, and in which it had flood for fe- 
veral days-* it was quite cold and black* as it always 
becomes in a confined place ; but it prefently grew 
very hot, fmoaked copioufly* and fmelled very of* 
fenlively 3 and when it was cold* it was brown, like 
the ruftof iron. 

I once put a mixture of this kind to a quantity of 
inflammable air, made from iron, by which mean's 
it was diminifhed 4 or - r V in its bulk 5 but, as far as 

1 could 
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I couid judge, it was ftill as inflammable as eveir* 
Another quantity of inflammable air was alfo redu- 
ced in the fame proportion, by a moufe putrefying 
in it ; but its inflammability was not feemingly 
leflened. 

Air diminifhed by this mixture of iron filings and 
brimftone, is exceedingly noxious to animals, and 
I have not perceived that it grows any better by 
keeping in water. The fmell of it is very pun- 
gent and oflfenfive. 

The quantity of this mixture which I madeufeof 
in the preceding experiments, was from two to fout 
ounce meafures ; but I did not perceive, but that 
the diminution of the quantity of air (which was 
generally about twenty ounce meafures) was as great 
with the fmalleft, as with the largeft quantity. How 
fmall a quantity is neceflary to diminish a given 
quantity of air to a maximum, I have made no ex- 
periments to afcertain. 

As foon as this mixture of iron filings, with brim- 
ftone and water, begins to ferment, it alfo turns blacky 
and begins to fwell, and it continues to do fo, till it 
occupies twice as much fpace as it did at firft ;" and 
the force with which it expands is great; but how 
great it is I have not endeavoured to determine. 

When this mixture is immerfed in water, it gene* 
rates no air, though it becomes blacky and fwells. 
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VL 
Of nithous Air. 

Ever fince I firft read Dr. Hales's mod excellent 
Statical Effays, I was particularly ft ruck with that 
experiment of his, of which an account is given, 
Vol. I. p. 224, and Vol. II. p. 280 ; in which 
common air, and air generated from the Walton 
pyrites, by fpirit of nitre, made a turbid red mix- 
ture, and in which part of the common air was ah- 
forbed ; but I never expe&ed to have the fatisfaftion 
of feeing this remarkable appearance, fuppofing it to 
be peculiar to that particular mineral. Happening 
to mention this fubjeit to the Hon. Mr. Cavendifh, 
when I was in London, in *he fpring of the year 
1772, he faid that he did not imagine but that 
other kinds of pyrites might anfwer as well as that 
which Dr. Haies made ufe of, and that probably 
the red appearance of the mixture depended upon 
the fpirit of nitre only. This encouraged me to 
attend to the fubjedt ; and having no pyrites, 1 be- 
gan with the folution of the different metals in fpirit 
of nitre, and catching the air which was generated in 
the folution, I prefently found what I wanted, and 
a good deal more. 

Beginning with the folution of brafs, on the 4th of 
June ijyiy 1 fi^ft found this remarkable fpecies of 
air; one effeft of which, though it was cafually ob- 
ferved by Dr. Hales, he gave but little attention to ; 
and which, as far as I know, has pafled altogether 
unnoticed fince his time, infomueh that no name has 

been given to it. I therefore found myfelf, contrary 

to 
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to my firft refolution, under an abfolutc neceffity of 
giving a name to this kind of air myfelf. When I 
firft began to fpeak and write of it to my friends, I 
happened to diftmguifh it by the name of nitrous air, 
becaufe I had procured it by means of fpirit of nitre 
only; and though I cannot fay that I altogether like 
the term, becaufe this air is not got from all the me- 
tals by the fame fpirit, neither myfelf nor any 
of my friends, to whom 1 have applied for the pur- 
pofe, have been able to hit upon a better ; fo that 
I am obliged, after all, to content myfelf with it. 

I have found that this kind of air is readily pro- 
cured from iron, copper, brafs, tin, filver, quickfil- 
ver, bifmuth, and nickel, by the nitrous acid only, 
and from gold and the regulus of antimony by aqua 
regia. The circumftanees attending the folution of 
each of thefe metals are various, but hardly worth 
mentioning, in treating of the properties of the air 
which they yield, which, from what metal foever it 
is extracted, has, as far as I have been able to ob- 
ferve, the very fame properties. 

One of the moft confpicuous properties of this kind 
of air is the great diminution of aqy quantity of com- 
mon air with which it is mixed, attended with a tur- 
bid red, or deep orange colour, and a confiderable 
heat. The fmell of it, alfo, is very ftrong, and re- 
markable, but very much refembling that of fmoking 
fpirit of nitre. 

The diminution of a mixture of this and common 
air is not an equal diminution of both the kinds, 
which is all that Dr. Hales could obferve, but of the 
common air chiefly, though not wholly. For. if one 
meafure of nitrous air be put to two meaf tires of 
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common air, in a few minutes (by which time the 
efifervefcence will be over, and the mixture will have 
recovered its tranfparency) there will want about one 
ninth of the original two meafures. I hardly know 
any experiment that is more adapted to amaze and 
furprize than this is, which exhibits a quantity of 
air. >vhkh, as it were, devours a quantity of another 
kind of air half as large as itfelf, and yet is fo far from 
gaining any addition to its bulk, that it is diminiflied 
by it. If, after this full faturation of common air with 
nitrous air, more nitrous air be put to it, it makes an 
addition equal to its own bulk, without producing 
the leaft rednefs, or any other vifible efleft. 

That this diminution is chiefly in the quantity of 
common air, is evident from this obfervation, that if 
the fmalleft quantity of common air be put to any 
larger quantity of nitrous air, though the two toge- 
ther will not occupy fo much fpace^as they did fepa- 
rately, yet the quantity will be ftill larger than that 
of the nitrous air only. One ounce meafure of com- 
mon air being put to near twenty ounce meafures of 
nitrous air, made an addition to it of about half an 
ounce meafure. This, however, being a much greater 
proportion than the diminution of common air, in the 
former experiment, feems to prove that part of the 
diminution in the former cafe is in the nitrous air. 
Befides, it will prefently appear, that nitrous air is 
fubje& to a moft remarkable diminution ; and as 
common air, in a variety of other cafes, fuffers a di- 
minution from one fifth to one fourth, I conclude, 
that in this cafe alfo it does not exceed that propor- 
tion, and therefore that the remainder of the dimi- 
nution refpe&s the nitrous air* 

'n 
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in order to judge whether the water contributed 
to the diminution of this mixture of nitrous and 
common air, I made the whole procefs feveral 
times in quickfilver, ufing one third of nitrous, 
and two thirds of common air, as before. In this 
cafe the rednefs continued a very long time, and 
the diminution was not fo great as when the mix- 
tures had been made in water, there remaining one 
feventh more than the original quantity of com- 
mon air. This mixture flood all night upon the 
quickfilver ; and the next morning I obferved that 
it was no farther diminifhed upon the admiffion of 
water to it, nor by pouring it feveral times through 
the water, and letting it Hand in water two days. 
Another mixture, which flood about fix hours on 
the quickfilver, was diminifhed a little more upon 
the admiffion of water, but was never lefs than 
the original quantity of common air. In another 
cafe, however, in which the mixture flood but a 
very fhort time in quickfilver, the farther dimi- 
nution, which took place upon the admiffion of 
water, was much more confiderable ; fo that the 
diminution, upon the whole, was very nearly as 
great as if the procefs had been intirely in water. 
It is evident from thefe experiments, that the di- 
minution is in part owing to the abforption by 
the water; but that when the mixture is kept a 
long time, in a fituation in which there is no 
water to abibrb any part of it, it acquires a con- 
flitution, by which it is afterwards incapable of 
being abibrbed by water. 

In order to determine whether the fixed part of 
common air was depofited in the diminution of it 

hv 
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by nitrons air, I inclofed a veflel full of lime wa- 
ter in the jar in which the procefs was made, but 
it occafioned no precipitation of the lime 3 and 
when the veflel was taken out, after it had been 
in that fituation a whole day, the lime was eafily 
precipitated by breathing into it as ufual. 

Itisexceedingly remarkable that this effervefcence 
and diminution, occafioned by the mixture of ni- 
trous air, is peculiar to common air, or air fit for 
refpiration; and, as far as I can judge, from a 
great number of obfervations, is at leaft very 
nearly, if not exactly, in proportion to its fitnefs 
for this purpofe; fo that by this means the good- 
nefs of air may be diftinguifljed much more accu- 
rately than it can be done by putting mice, or any 
Other animals, to breathe in it. This was a moft 
agreeable difcovery to me, as I hope it may be an 
uieful one to the public; efpecially as, from this 
time, 1 had no occafion for fo large a ftock of mice 
as I had been ufed to keep for the purpofe of thefe 
experiments, ufing them only in thofe which re- 
quired to be very decifive ; and in thefe cafes I have 
feldom failed to know beforehand in what manner 
they would be affeded. 

It is alfo remarkable that, on whatever account 
air is unfit for refpiration, this fame teft is equally 
applicable. Thus there is not the leaft efferve- 
fcence between nitrous and fixed air, or inflamma- 
ble air, or any fpecies of diminifhed air. Alfo the 
■degree of diminution being from nothing at all to 
more than one third of the whole of any quantity 
of air, we are by this means in pofleffion of a pro- 
^igioufly large fcale, by winch we may diftinguifli 
1 very 
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very fmall degrees of difference in the goodnefs 
of air. I have not attended much to this circum- 
ftance, having ufed this teft chiefly for greater 
differences ; but, if I did not deceive myfelf, 1 
have perceived a real difference in the air of my 
ftudy, after a few perfons have been with me in 
it, and the air on the outfide of the houfe. Alfo a 
phial of air having been fent me, from the neigh- 
bourhood of York,, it appeared not to be fo good 
as the air near Leeds j that is, it was not dimi- 
nifhed fo much by an equal mixture of nitrous air* 
every other circumftance being as nearly the fame 
as I could contrive.. It may perhaps be poflible, 
but I have not yet attempted it, to diftinguifh 
fome of the different winds, or the air of different 
times of the year, by this teft. 

By means of this teft I was able to. determine 
what I was, before in doubt about, viz. the kind as 
well as the degree of injury done to air by candles 
burning in it- I could not tell with certainty by 
means of mice, whether it was at all injured with 
refpe£fc to refpiration ; and yet if nitrous air may 
be depended upon forfurnilhing an accurate teft, it 
muft be rather more than, one third worfe than 
common air, and have beea diminifhed by the 
fame general caufe of the other diminutions of air. 
For when, after many trials, I put one meafure 
of thoroughly putrid and highly noxious air, into 
the fame veflel with two meafures of good wholc- 
fome air,, and into another veflel an equal quan- 
tity, viz. three meafures of air in which a candle 
had burned out ; and then put equal quantities of 
nitrous air to each of them, the former was di- 
minifhed rather more than the latter* It agrees 

with 
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with this obfervation, that burned air is farther 
dimininifhed both by putrefa&ion, and a mixture 
of iron filings and brimftone; and I therefore, 
take it for granted, by every other caufe of the 
diminution of air. It is probable, therefore, that 
burned air is air fo far loaded with phlogifton, as 
to be able to extinguish a candle, which it may 
do long before it is fully faturated. 

Inflammable air with a mixture of nitrous air 
hums with a green flame. This makes a very 
pleafing experiment when it is properly conduced. 
As, for fome time, I chiefly made ufe of copper 
for the generation of nitrous air, I firft afcribed 
this circumftance to that property of this metal, 
by which it burns with a green flame ; but I was 
prefently fatisfied that it muft arife from the fpirit 
of nitre, for the effect is the very fame from which- 
ever of the metals the nitrous air is extra&ed^ all 
of which I tried for this purpofe, even filver and 
gold. A mixture of oil of vitriol and fpirit of 
nitre in equal proportions diflblved iron, and the 
produce was nitrous air; but a lefs degree of fpirit 
of nitre in the mixture produced air that was in- 
flammable, and which burned with a green flame* 
It alfo tinged common air a little red, and dimi- 
n idled it, though not much. 

The diminution of common air by a mixture of 
nitrous air, is not fo extraordinary as the diminu- 
tion which nitrous air itfelf is fubjeft to from a 
mixture of iron filings and brimftone, made into a 
pafte with water. This mixture, as I have already 
obferved, diminifh.es. common air between one 
fifth and one fourth; but has no fuch efFeft upon 
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any kind of air that has been diminifhed, and ren* 
dered noxious by any other procefs ; but when it 
is put to a quantity of nitrous air, it dimi- 
nifhes it fo much, that no more than one fourth 
of the original quantity will be left. The effe& 
of this procefs is generally perceived in five or fix 
hours, about which time the vifible effervefcence 
of the mixture begins; and in a very fhort time 
it advances fo rapidly, that in about an hour almofl 
the whole effe£fe will have taken place. If it be 
fufFered to ftand a day or two longer, the air will 
ftill be diminifhed farther, but only a very little 
farther, in proportion to the firft diminution. The 
glafsjar, in which the air and this mixture have 
been confined, has generally been fo much heated 
in this procefs, that I have not been able to 
touch it. 

Nitrous air thus diminifhed has not the peculiar 
fmell of nitrous air, but fmells juft like common 
air in which the fame mixture has flood ; and it 
is not capable of being diminifhed any farther, by 
a frefh mixture of iron and brimftone. 

Common air faturated with nitrous air is alfb 
no farther diminifhed by this mixture of iron 
filings and brimftone, though the mixture fer- 
ments with great heat, and fwells very much 
in it. 

Plants die very foon, both in nitrous air, and 
alfo in common air faturated with nitrous air, but 
efpecially in the former. 

Neither nitrous air, nor common air faturated 
with nitrous air, differs in fpecific gravity from 
common air, or, at leaft, fo little^ that I could 

Vol. LXII. F f not 
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not be fure of it, fbmetimes about three pints of 
it teeming to be about half a grain heavier, and at 
other times as much lighter than common air. 

Having, among other kinds of air, expofed a 
quantity of nitrous air, to water out of which the 
air had been well boiled, in the experiment to 
which I have more than once referred, as having 
been the occafion of feveral new and important ob*- 
fervations, I found that 44 of the whole was ab« 
forbed. Perceiving, to my great furprize, that fo 
very great a proportion of this kind of air was 
mifcible with water, I immediately began to agi- 
tate a confiderable quantity of it, in a jar {landing 
in a trough of the fame kind of water; and with 
about four times as much agitation as fixed air re- 
quires, it was fo far abforbed by the water, that 
only about one fifth remained* This remainder 
extinguiihed flame, and was noxious to animals. 
Afterwards I diminifhed a pretty large quantity of 
it to one eighth of its original bulk, and the re* 
mainder ftill retained much of its peculiar fmell, 
and diminifhed common air a little* A moufe 
alfo died in it, but not fo fuddenly as it would 
have done in pure nitrous air. In this operation 
the peculiar fmell of nitrous air is very manifefl* 
the water being firft impregnated with the air, 
and then tranfmitting it to the common atmof- 
phere. 

This experiment gave me the hint of impreg- 
nating water with nitrous air, in the manner in 
which I had before done it with fixed air; and I 
presently found that diftilled water would imbibe 

about one tenth of its bulk of this kind of air, and 

that 
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that it acquired a remarkably acid and aftringent 
tafte from it. The fmell of water thus impreg- 
nated is at firft peculiarly pungent. 1 did not 
chufe to fwallow any of it, though, for any thing 
that I know, it may be perfectly innocent, and 
perhaps, in fome cafes, falutary. 

This kind of air is retained very obftinately by 
water. In an exhaufted receiver a quantity of 
water thus faturated emitted a whitifh fume, fuch 
as fometimes iffues from bubbles of this air when 
it is firft generated, and alfo fome air bubbles-; 
but though it was fufFered to ftand a long time 
in this fituation, it ftill retained its peculiar tafte; 
but when it had flood all night pretty near the 
fire, the water was become quite vapid, and had 
depofited a filmy kind of matter, of which I had 
often colle&ed a confiderable quantity from the 
trough in which jars containing this air had 
flood. This I fuppofe to be a precipitate of the 
metal by the folution of which the nitrous air was 
generated. I have not given fb much attention to it 
as to know, with certainty, in what circumftances 
this depofit is made, any more than I do the mat- 
ter depofited from inflammable air abovementioned ; 
for I cannot get it, at leaft in any confiderable 
quantity, when I pleafe ; whereas I have often 
found abundance of it, when I did not exped it 
at all. 

The nitrous air with which 1 made the firft im- 
pregnation of water was extra&ed from copper ; but 
when I made the impregnation with air from quick- 
filver, the water had the very fame tafte, though 
the matter depofited from it feemed to be of a dif- 
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ferent kind ; for it was whitifh, whereas the other 
had a yellowifh tinge. Except the firft quantity 
of this impregnated water, I could never deprive 
any more that I made of its' peculiar tafte. I have 
even let fome of it ftand more than a week, ia 
phials with their mouths open, and fometimes 
very near the fire, without producing any altera* 
tion in it. 

Whether any of the fpirit of nitre be properly 
contained in the nitrous air, and be mixed with 
the water in this operation* I have not yet endear 
voured to determine. This* however, may pro- 
bably be the cafe, as the Ipkife of nitre is in a con- 
siderable degree volatile. 

It will perhaps be thought, that the mofll ufe- 
ful, if not the moft remarkable, of all the proper- 
ties of this extraordinary kind of air* ifr its power 
of preserving animal fubftances from putrefac- 
tion, and of reftoring thofe that are already 
putrid, which it poflefles in a far greater degree 
than fixed air. My firft obfervation of this was 
altogether cafual. Having found nitrous air to 
fufFer fo great a diminution as I have already men- 
tioned by a mixture of iron filings and brimftone, 
I was willing to try whether it would be equally 
diminished by other caufes of the diminution of 
common air* efpecialiy by putrefa&ion ; and for 
this purpofe I put a dead moufe into a quantity of 
it, and placed it near the fire* where the ten- 
dency to putrefaction was very great. In this 
cafe there was a considerable diminution, viz. from 

5i t0 3i J b ut not & g reat as I had expe&ed, the 
antifeptic power of the nitrous air baying checked 
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the tendency to putrefadion; for when, after a 
week, I took the moufe out, I perceived, to my 
wry great furprize, that it had no ofFenfive fmell. 

Upon this I took two other mice, one of them 
juft killed, and the other foft and putrid, and put 
them both into the fame jar of nitrous air, {land- 
ing in the ufual temperature of the weather, in 
the months of July and Auguft of 1772; and 
after 25 days, having obferved that there was little 
or no change in the quantity of the air, I took the 
mice out; and, examining them, found them both 
perfe&ly fweet, even when cut through in all 
places. That which had been put inta the air 
when juft dead was quite firm ; and the flefti of the 
other, which had been putrid and foft, was ftiil 
foft, but perfeaiy fweet. 

In order to compare the antifeptic power of this 
kind of air with that of fixed air, I examined a 
moufe which I had inclofed in a phial full of fixed 
air, as pure as I could make it, and which I had 
corked very clofe; but upon opening this phial in 
water, about a month after, I perceived that a 
large quantity of putrid effluvium had been gene- 
rated ; for it rufhed with violence out of the phial 5 
and the fniell that came from it, the moment the 
cork was- taken out t was infufferably offenfive. 
Indeed Dr. Macbride fays, that he could only reftore 
very thin pieces of putrid flefti by means of fixed 
air* Perhaps the antifeptic power of thefe kinds 
of air may be in proportion to their acidity* If a 
little pains were taken with this fubje£l, this re- 
markable antifeptic power of nitrous air might 
poffibly be applied to various ufes, perhaps to the 
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prefervation of the more delicate bitds, fifhes, Fruits* 
Sec. mixing it in different proportions with com- 
mon or fixed air. Of this property of nitrous air 
anatomifts may perhaps avail themfelves, as animal 
fubftances may by this means be preferved in their 
natural foft ftate ; but how long it will anfwer for 
thispurpofe, experience only can (hew; 

I calcined lead and tin in the manner hereafter 
defcribed in a quantity of nitrous air, but with 
very little fenfible effed ; which rather furprized 
me ; as, from the refult of the experiment with the 
iron filings and brimftone, I had expe&ed a very 
great diminution of the nitrous air by this procefs* 
the mixture of iron filings and brimftone, and the 
calcination of metals, having the fame effect upon 
common air, both of them diminifhing it in nearly 
the fame proportion. 

Nitrous air is procured from all the proper me- 
tals by fpirit of nitre, except lead, and from all 
the femi-metals that I have tried, except zinc. For 
this purpofe I have ufed bifmuth and nickel, with 
fpirit of nitre only, and regulus of antimony and 
platina, with aqua regia. 

I got little or no air from lead by fpirit of nitre, 
and have not yet made any experiments to afcer- 
tain the nature of this folution. With zinc I have 
taken a little pains. 

Four penny weights and feventeen grains of zinc 
diflblved in fpirit of nitre, to which as much water 
was added, yielded about twelve ounce meafures of 
air, which had, in (bme degree, the properties of 
nitrous air, making a flight effervefcence with com- 
mon air, and diminKhing it about as much as ni- 
trous 



trous air, which had been itfelf diminifhed one half 
by wafhing in water. The fmell of them both wa$ 
alio the fame ; fo that I concluded it to be the fame 
thing, that part of the nitrous air which is im- 
bibed by water being retained in this folution. 

In order to difcover whether this was the cafe, I 
made the folution boil in a fand heat. Some air 
came from it in this ftate> which feemed to be the 
fame thing,.as nitrous air diminifhed about one fixth, 
or one eighth, by wafhing in water. When the 
fluid part was evaporated, there remained a brown 
fixed fubftance, which was obferved by Mr. Hel- 
lot, who defcribes it, Ac. Par. 1735, RL p. 35* 
A part of this I threw into a fmall red hot cruci- 
ble ; and covering it immediately with a receiver, 
ftanding in water, I obferved that very denfe red 
fumes rofe from it, and filled the receiver. This 
rednefs continued about as long as that which is 
occafioned by a mixture of nitrous and common 
air; the air was alfo confiderably diminifhed within 
the receiver. This fubftance, therefore, muft cer- 
tainly have contained within it the very fame 
thing, or principle, on which the peculiar pro* 
perties of nitrous air depend. It is remarkable, 
however, that though the air within the receiver 
was diminifhed about one fifth by this procefs, it 
was itfelf as much afFe&ed with a mixture of ni- 
trous air, as common air is, and a candle burnt in 
it very well. This may perhaps be attributed to 
fome efFeft of the fpirit of nitre, in the compofition 
of that brown fubftance. 

Nitrous air, I find, will be confiderably dimi- 
nifhed in its bulk by ftanding a long time in wa- 
ter, 
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ter, about as much as inflammable air is dimi- 
nished in the fame circumftances. For this pur- 
pofe I kept for fome months a quart bottle full of 
each of thefe kinds of air ; but as different quanti- 
ties of inflammable air vary very much in this re- 
lpe£t, it is not improbable but that nitrous air may 
vary alfb. 

From one trial that I made, I conclude that ni- 
trous air may be kept in a bladder much better than 
moft other kinds of air* The air to which I refer 
was kept about a fortnight in a bladder, through 
which the peculiar fmell of the nitrous air was 
very fenfible for feveral days. In a day or two the 
bladder became red, and was much contracted in 
its dimenfions. The air within it had loft very 
little of its peculiar property of diminishing com- 
jnon air. 

I did not endeavour to afcertain the exa£ quan- 
tity of nitrous air produced from given quantities 
of all the metals which yield it ; but the few ob- 
fcrvations which I did make for this purpofe I fhall 
recite in this place : 

4wt. gr* 
6 o of filver yielded 17 J ounce meafures 

5 19 of quickfilver 4! 

1 2 1 of copper 14I 

2 o of brais 21 

20 of Iron 16 

1 5 of bifmuth 6 

o 12 of nickel 4 
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VIL 

Of Air infected with the fumes of burn 

1ng charcoal. 

Air infedted with the fumes of burning charcoal 
is well known to be noxious 5 and the Honourable 
Mr. Cavendifh favoured me with an account of fome 
experiments of his, in which a quantity of common 
air was reduced from 180 to 162 ounce meafures, 
by paffing through a red-hot iron tube filled with 
the duft of charcoal. This diminution he afcribed 
to fuch a deftru&ion of common air as Dr* Hales 
imagined to be the confequence of burning, Mr, 
Cavendifh alfo obferved, that there had been a gene- 
ration of fixed air in this procefs, but that it was 
abforbed by fope leys. This experiment I alfo re- 
peated, with a fmall variation of circumftances, and 
with nearly the fame refult. 

Afterwards, I endeavoured to ascertain, by what 
appears to me to be an eafier and a more certain me- 
thod, in what manaer air is afFedted with the fumes 
of charcoal, viz. by fufpending bits of charcoal 
within glafs veflels, filled to a certain height with 
water, and ftanding inverted in another veflei of 
water, while I threw the focus of a burning mirror, 
or lens, upon them. In this manner I diminifhed a 
given quantity of air one fifth, which is nearly in 
the fame proportion with other diminutions of air. 

Some fixed air feems to be contained in charcoal, 
and to be fet loofe from it by this procefs > for if I 
made ufe of lime-water, it never failed to become 
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turbid, prcfently after the heat was applied. This was 
the cafe with whatever degree of heat the charcoal had 
been made. If, however, the charcoal had not been made 
with a very confiderable degree of heat, there never failed 
to be a permanent addition of inflammable air pro- 
duced ; which agrees with what I obferved before* 
that, in converting dry wood into charcoal, the greatefl 
part is changed into inflammable air. I have fome- 
times found, that charcoal which was made with the 
moft intenfe heat of a fmith's fire, which vitrified 
part of a common crucible in which the charcoal was 
confined, and which had been continued above half 
an hour, did not diminifh the air in which the focus 
of a burning mirror was thrown upon it ;. a quantity 
of inflammable air equal to the diminution of the 
common air being generated in the procefs j whereas, 
at other times, 1 have not perceived that there was 
any generation of inflammable air, but a perfect 
diminution of common air, when the charcoal had 
been made with a much lefs degree of heat. This 
fubje£l deferves to be farther inveftigated. 

To make the preceding experiment with ftill more 
accuracy, I repeated it in quickfilver ; when I perceived 
that there was a fmall increafe of the quantity of air, 
from a generation either of fixed or inflammable air, 
but I fuppofe of the former. Thus it ftood without 
any alteration a whole night, and part of the following 
day; when lime-water, being admitted to it, it pre- 
fently became turbid, and, after fome time, the 
whole quantity of air, which was about four ounce 
meafures, was diminifhed one fifth, as before. In 
this cafe, I carefully weighed the piece of charcoal, 
which was exactly two grains, and could not find 

that 
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that it was fenfibly diminiflied in weight by the 
operation. 

Air thus diminished by the fumes of burning char- 
coal not only extinguiflies flame, but is in the higheft 
degree noxious to animate; it makes no effervefcence 
with nitrous air, and is incapable of being diminiflied 
any farther by the fumes of more charcoal, by a 
mixture of iron filings and brimftone, or by any other 
caufe of the diminution of air that I am acquainted 
with* 

This obfervation, which refpe&s all other kinds 
of diminiflied air, proves that Dr. Hales was mif- 
taken in his notion of the abforption of air in thofe 
circumftances in which he obferved it. For he fup- 
pofed that the remainder was, in all cafes, of the 
fame nature with that which had been abforbed, and 
that the operation of the fame caufe would not have 
failed to produce a farther diminution -, whereas all my 
obfervations not only fliew that air, which has once 
been fully diminiflied by any caufe whatever, is not only 
incapable of any farther diminution, either from the 
fame or from any other caufe, but that it has likewifc 
acquired new properties, moft remarkably different 
from thofe which it had before, and that they are, 
in a great meafure, the, fame in all the cafes. Thefe 
circumftances give reafon to fufpedt, that the caufe 
of diminution is, in reality, the fame in, all the cafes. 
What this caufe is, may, perhaps, appear in the 
next courfe of obfervations. 
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VIIJ. 

Of the effect of the calcination of me~ 
tals, and of the effluvia of paint made 
with white-lead and oil, on alr. 

Having been led to fufpeft, from the experiments 
which I had made with charcoal, that the diminu- 
tion of air in that cafe, and perhaps in other cafes 
alfo, was, in fome way or other, the confequence 
of its having more than its ufual quantity of phlo- 
gifton, it occurred to me,, that the calcination of 
metals, which are generally fuppofed to confift of 
nothing but a metallic earth united to phlogifton, 
would tend to afcertain the fadi,. and be a kind of 
exferimentum cruets in the cafe. Accordingly, I fuf* 
pended pieces of lead and tin in given quantities of 
air, in the fame manner as I had before treated the 
charcoal ; and throwing the focus of a burning mir- 
ror or lens upon them, in fuch a manner as to make 
them fume copioufly, I prefently perceived a dimi- 
nution of the air. In the firft. trial that. I made, I 
reduced four ounce meafures of air to three, which 
is the greateft diminution of common air that I had 
ever obferved before, and which I account for, by 
fuppofing that, in other cafes, there was not only a 
caufe of diminution, but caufes of addition alfb, either 
of fixed or inflammable air* or fome other perma- 
nently elaftic matter, but that, the effedt of the 
calcination of metals being fimply the efcape of phlo- 
gifton, the caufe of diminution was alone and un- 

controuled. 

The 



[ 22 9 ] 

The air, which I had thus diminifhed by calcina- 
tion of lead, I transferred into another clean phial, 
but found that the calcination of more lead in it had 
no farther effedt upon it. This air alfo, like that 
which had been infex^ed with the fumes of charcoal, 
was in the higheft degree noxious, made no effer- 
vefcence with nitrous air, was no farther diminished 
by the mixture of iron filings and brimftone, and was 
not only rendered innoxious, but alfo recovered, 
in a great meafure, the other properties of common 
air, by wafhing in water. 

It might be fufpe&ed that the noxious quality of 
the air in which lead was calcined, might be owing 
to fome fumes peculiar to that metal 5 but I found no 
fenfible difference between the properties of this air, 
and that in which tin was calcined. 

The water over which metals are calcined acquires* 
a yeilowifh tinge, and an exceedingly pungent fmeli' 
and tafte, pretty much, as near as I can recoiled, for 
I did not compare them together, like that over 
which brimftone has been frequently burned. Alfo 
a thin and whitifh pellicle covered both the furface 
of the water, and likewife the fides of the phial in 
which the calcination was made, infomuch that, 
without frequently agitating the water, it grew fo 
opaque by this conftantly accumulating incruftation, 
that the fun beams could not be tranfmitted through 
it in a quantity fufficientto produce the calcination. 

I imagined, however, that, ewn when this air was 
transferred into a clean phial, the metals were not fo 
eafily melted or calcined as they were in frefh air ; 
for the air being once fully faturated with phlogifton, 
may not fo readily admit any more,, though it be only 

to 
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to tranfmit it to the water. I ajfo fufpc&ed that 
metals were not eafily melted or calcined in inflam- 
mable, fixed, or nitrous, air, or any kind of di- 
minished air. None of thefe kind? of air fuffered 
any change by this operation ; nor was there any pre* 
cipitation of lime, when charcoal was heated in any 
of thefe kinds of air (landing in lime-water. 

Query. May not water impregnated with phlo- 
gifton from calcined metals, or by any other method, 
be of fome ufe in medicine ? The efFe& of this im- 
pregnation is exceedingly remarkable ; but the prin- 
ciple with which it is impregnated is volatile, and 
entirely efcapes in a day or two, if the furface of 
the water be expofed to the common atmofphere. 

It fhould feem that phlogifton is retained more 
obflinately by charcoal than it is by lead or tin ; for 
when any given quantity of air is fully faturated 
with phlogifton from charcoal, no heat that I have 
yet applied has been able to produce any more effedt 
upon it 5 whereas, in the fame circumftances, lead 
and tin may ftill be calcined. The air, indeed, 
can take no more ; but the water receives it, and the 
fides of the phial alfo receive an addition of incruft- 
ation. This is a white powdery fubftance, and well 
deferves to be examined. I (hall endeavour to do it 
at my leifure. 

Lime-water never became turbid by the calcina- 
tion of metals over it ; but the colour, fmell, and 
tafte of the water was always changed, and the 
furface of it became covered with a yellow pellicle^ 
as before. 

When this procefs was made in quickfilver, the air 
was diminished only one fifth s and upon water being 

3 admitted 



[ 2 3* ] 

admitted to it, no more* was abforbed ; which is an 
efifeft fimilar to that of a mixture of nitrous and 
common air, which was mentioned before. 

The preceding experiments on the calcination of 
metals fuggefted to me a method of explaining the 
caufe of the mifchief which is known to arife from 
frefli paint, made with white lead (which I fuppofe 
is an imperfedt calx of lead) and oil. To verify 
my hypothecs, I firft put a fmall pot full of this 
kind of paint, and afterwards (which anfwered much 
better, by expofing a greater furface of the paint) I 
daubed: feverat pieces of paper with it, and put them 
under a receiver, and obferved, that in about twenty- 
four hours* the air was diminished between one fifth 
and one fourth^ for I did not meafure it very exactly. 
This air alfo was, as I expected to find it, in the 
higheft degree, noxious ; it did not effervefce with 
nitrous air, it was no farther diminished by a mix- 
ture of iron filings and brimftone, and was made 
wholefome by agitation in water deprived of all air. 

I think it appears pretty evident, from the preced- 
ing experiments on the calcination of metals, that air 
is fome way or other diminished in confequence of 
being highly charged with phlogifton, and that agi- 
tation in water reftores it, by imbibing a great part 
of the phlogiftic matter. That water has a consider- 
able affinity with phlogifton, is evident from the 
ftrong impregnation which it receives from it. May 
not plants alfo reftore air diminished by putrefa&ion, 
by abforbing part of the phlogifton with which it is 
loaded ? The greater part of a dry plant, as well as 
of a dry animal fubftance, confifts of inflammable 
air, or fomething that is capable of being converted 

into 



[ 2 32 ] 

into inflammable air ; and it feems to be as probable 
that tills phlogiftic matter may have been imbibed by 
the roots and leaves of plants, and afterwards in- 
corporated into their fubftance, as that it is altogether 
produced by the power of vegetation. May not this 
phlogiftic matter be even the moft efiential part of 
the food and fuppoit of both vegetable and animal 
bodies ? 

In the experiments with metals, the diminution of 
air feems to be the conlequence of nothing but a 
faturation with phlogifton j and in all the other cafes 
ef the diminution of air, I do not fee but that it 
may be effe&ed by the fame means. When a vege- 
table or animal fubftance is diflblved by putrefa<5iion, 
the efcape of the phlogiftic matter (which, together 
with all its other conftituent parts, is then let loofe 
from it) may be the circumftance that produces the 
diminution of the air in which it putrefies. It is 
highly improbable that what remains after an animal 
body has been thoroughly diflblved by putrefadtion, 
iliould yield fo great a quantity of inflammable air, 
as the dried animal fubftance would have done. 
Of this I have not *nade an adtual trial, though I 
have often thought of doing it, and ftill intend to 
do it \ but I think there can be no doubt of the 
refult. Again, the iron, by its fermentation with 
brimftone and water, is evidently reduced to a calx, 
fo that phlogifton muft have efcaped from it. Phlo- 
gifton alfo muft evidently be fet loofe by the ignition 
of charcoal, and is not improbably the matter which 
flies off from paint, compofed of white lead and oil. 
Laftly, fince fpirit of nitre is known to have a very 
^remarkable affinity with phlogifton, it is far from 

being 
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being improbable that nitrous air may alfo produce 
the fame eflfeft by the fame means. 

To this hypothefis it may be obje&ed, that, if 
diminiihed air be air faturated with phlogifton, it 
ought to be inflammable ; but this by no means 
follows, fince its inflammability may depend upon 
fome particular mode of combination, or degree of 
affinity, with which we are not acquainted. Befides, 
inflammable air feems to confift of fome other prin- 
ciple, or to have fome other conftituent part, befides 
phlogifton and common ai% as is probable from that 
remarkable depofit, which, as I have obferved, is 
made by inflammable air, both from iron and zinc. 

It is not improbable, however, but that a greater 
degree of heat may inflame that air which ex- 
tingui{he§ a common candle, if it could be conveni- 
ently applied. Air that is inflammable, I obferve, 
extinguifhes red hot wood ; and indeed inflammable 
fubftances can only be thofe which, in a certain de- 
gree of heat, have a lefs affinity with the phlogifton 
they contain, than the air, or fome other contiguous 
fubftance, has with it; fo that the phlogifton only 
quits one fubftance, with which it was before com- 
bined, and enters another, with which it tnay be 
combined in a yery different manner. This fubftance, 
however, whether it be air or any thing . elfe, being 
now fully faturated with phlogifton, and not being 
able to take any more, in the fame circumftances, 
muft neceflarily extinguifh fire, and put a ftop to 
the ignition of all other bodies, that is, to the farther 
efcape of phlogifton from them. 

That plants reftore noxious air, by imbibing the 
phlogifton with which it is loaded, is very agreeable to 
" LXIL H h the 
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tHc conjectures of Dr. Franklin, made many years 
ago, and expreffed in the following extrad from the 
laft edition of his Letters, p. 346. 

" I have been inclined to think .that the fluid fire % 
« as well as the fluid air, is attracted by plants in 
" their growth, and becomes confolidated with the 
cc other materials of which they are formed, and 
" makes a great part of their fubftance j that, when 
" they come to be digeftbd, and to fuffer in the 
" veflels a kind of fermentation, part of the fire, as 
* c well as part of the air, recovers its fluid adtive (late 
" again, and diffufes itfelf in the body, digefting and 
cc feparating. it \ that the fire fo reproduced, by di- 
" geftion and feparation, continually leaving the 
" body, its place is fupplied by frefh quantities, 
*« arifing from the continual feparation ; that what- 
** ever quickens the motion of the fluids in an am- 
'* mal quickens the feparation, and reproduces 
" more of the fire, as exercife 5 that all the fife 
" emitted by wood, and other combuftibles, when 
** burning, exifted ia them before, in a folid ftate, 
" being only difcovered when feparating 5 that fome 
" foffils, as fulphur, fea-coal, &c. contain a great 
fc deal of folid fire; and that, in fhort, what efcapes 
** and is diflipated in the burning of bodies, befictes 
"water and earth, is generally the air, and fire, 
** that before made parts of the folid.'* 

IX. 

Of Air procured by means of spirit cvf salt. 

Being very much ftruck with the refult of an ex- 
periment of the Hon* Mr. Cavendifh 3 related Phik 

Tlrant 
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Tranf. Vol. LVL p. 157. by which, though, he 
fays, he was not able to get any inflammable air 
from copper, by means of fpirit of fait, he got a 
much more remarkable kind of air, viz. one that 
loft its elafticity by coming into contadt with water, 
I was exceedingly defirous of making myfelf ac- 
quainted with it. On this account, I began with 
making the experiment in quickfilver, which I never 
failed to do in any cafe in which I fufpe&ed that air 
might either be abforbed by water, or be in any other 
manner stffe&ed by it ; and by this means I prefently 
got a much more diftindt idea of the nature and 
effe&s of this curious folution. 

Having put fome copper filings into a fmall phiaL 
with a quantity of fpirit of fait; and making the air, 
which was generated in great plenty, on the appli- 
cation of heat, afcend into a tall glafs veflel full of 
quickfilver, and ftanding in quickfilver, the whole 
produce continued a confiderable time without any 
change of dimenfions. I then introduced a 
fmall quantity of water to it, when about three 
fourths of it (the whdle being about four ounce 
meafures) prefently, but gradually, difappeared, the 
quickfilver rifing in the veflel. I then introduced a 
confiderable quantity of water ; but there was no 
farther diminution of the air, and the remainder I 
found to be inflammable. 

Having frequently continued this procefs a long 
time after the admiflion of the water, I was much 
amufed with obferving the large bubbles of the newly 
generated air, which came through the quickfilver, 
the fudden diminution of them when they came to 
the water, and the very fmall bubbles which went 
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through the water. They made, however, a conti- 
nual, though flow, increafe of inflammable air. 

Fixed air, being admitted to the whole produce of 
this air from copper,, had no fenfible effe<5t upon it. 
Upon the admiffion of water, a great part of the 
'mixture* which, no doubt, was the moft fubtle 
kind of air from the copper, prefently difappeared i 
another part, which I fuppofe to have been the fixed 
air* was abforbed flowly ; and in this particular cafe 
the very fmall permanent refiduum did not take fire ; 
but it is very poffible that it might have done fb, if 
the quantity had been greater. 

Lime-water being admitted to the whole produce 
of air from copper became white ; but this I fulped 
to have arifen from fome other circumftance than the 
precipitation of the lime which it contained. 

The folurion of lead in the marine acid is attended 
with the very fame phenomena as the folution of 
copper in the fame acid; about three fourths of the 
generated air difappearing on the contact of water, 
and the remainder being inflammable. 

The folutions of iron, tin, and zinc, in the marine 
acid, were all attended with the fame phenomena as 
the folutions of copper and lead, but in a lefs degree; 
for in iron on e> eighth, in tin one fixth, and in zinc 
one tenth of the generated air difappeared on the con- 
tact with water. The remainder of the air from 
iron, in this cafe, burned with a green, or very light 
blue flame. 

I had always thought it fomething extraordinary 
that a fpecies of air fhould lofe its elafticity by the 
mere contadt of any thing, and from the fir ft fofc 

pe&ed that it muft have been imbibed by the water 

that 
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that was admitted to it ; but Co very great a quantity 
of this air difappeared upon the admiffion of a very 
finall quantity of water, that I could not help con- 
cluding that appearances favoured the former hy- 
pothefis, I found, however,, that when I admitted 
a much fmaller quantity of water, confined in a 
narrow glafs tube, a part only of the air difappeared, 
and that' very flowly, and that more of it vanished 
upon the admiffion of more water. This obfer- 
vation put it beyond a doubt, that this air was pro- 
perly imbibed by the water, which, being once fully 
Saturated with it, was not capable of receiving any 
more. The water thus impregnated tailed very 
acid, even when it was much diluted with other 
water, through which the tube containing it was 
drawn. It even diflblved iron very faft, and gene- 
rated inflammable air. This laft obfervation, toge- 
ther with another which immediately follows, led 
me to the difcovery of the true nature of this re- 
markable kind of air, as it had hitherto been called. 

Happening, at one time, to ufe a good deal of 
copper and a fmall quantity of fpirit of fait, in the ge- 
neration of this kind of air* I was furprized to find that 
air was produced long after, I could not but think that 
the acid muft have been faturated with the metal y 
and I alfo found that the proportion of inflammable 
air to that which was abforbtd by the water con- 
tinually diminifhed, till, inftead of being one fourth 
Qf the whole as I had firft obferved, it was not fo 
much as one twentieth. Upon this, I concluded 
that this fubtle air did not arife from the copper, 
but from the fpirit of fait; and prefently making 
the experiment with the acid only, without any cop- 
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per, or metal of any kind, this air was immediately 
produced in as great plenty as before ; fo that this 
remarkable kind of air is, in fa£t, nothing more 
than the vapour, or fumes of fpirit of fait, which 
appear to be of fuch a nature, that they are not liable 
to be condenfed by cold, like the vapour of water, 
and other fluids. This vapour, however, feems to 
lofe its elafticity, in fome meafure, gradually, unlefs 
it fhould be thought to be affected by the quick- 
filver, with which it is in contad ; for it was always 
diminished, more or lefs, by (landing. 

This elaftic acid vapour extinguishes flame, and is 
much heavier than common air; but how much 
heavier, will not be eafy to afcertain. A cylindrical 
giafs veffel, about three fourths of an inch in dia- 
meter, and four inches deep, being filled with it, 
and turned upfide down, a lighted candle may be 
let down into it more than twenty times before it 
will burn at the bottom. It is pleafing to obferve 
the colour of the flame in this experiment; for both 
before the candle goes out, and alfo when it is firft 
lighted again, it burns with a beautifully green, or 
rather light blue flame, fuch as is feen when com- 
mon fait is thrown into the fire. 

When this elaftic vapour is all expelled from any 
quantity of fpirit of fait, which is eafily perceived 
by the vapour being condenfed by cold, the re- 
mainder is a very weak acid, barely capable of dif- 

folving iron. 

Being now in the pofleffion of a new fubjed of 
experiments, viz. an elaftic acid vapour, in the 
form of a permanent air, eafily procured, and 
effectually confined by glafs and quickfilver, with 
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which it did not feem to have any affinity ; I im- 
mediately began to introduce a variety of fub- 
ftances to it, in order to afcertain its peculiar pro- 
perties and affinities, and alfo the properties of thofe 
other bodies with refped to it. 

Beginning with water, which, from preceding 
obfervations, I knew would imbibe it, and be- 
come impregnated with it ; I found that 2 f grains 
of rain water abforbed three ounce meafures of this 
vapour, after which it was increafed one third in its 
bulk, and weighed twice as much as before $ fo 
that this concentrated vapour feems to be twice as 
heavy as rain water. Water impregnated with it 
makes the ftrongeft fpirit of fait that I have feen, 
diflfolving iron with the moft rapidity. Confe- 
quently, two thirds of the beft fpirit of fait is no- 
thing more than mere phlegm or water. 

Iron filings, being admitted to this vapour, were 
diflblved by it pretty faft, half of the vapour dis- 
appearing, and the other half becoming inflammable 
air, not abforbed by water. Putting chalk to it, 
fixed air was produced. 

I had not introduced many fubftances to this va- 
pour, before I difcovered that it had an affinity with 
phlogifton, fo that it would deprive other fubftances 
of it, and form with it fuch an union as conftitutes 
inflammable air; which feems to (hew, that inflam- 
mable air univerfally confifts of the union of fome 
acid vapour with phlogifton. 

Inflammable air was produced, when te this 
vapour I put fpirit of wine, oil of olives, oil of 
turpentine, charcoal, phofphorus, bees- wax, and 
even fulphur. This laft obfervation, I own, fur- 
prized 
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prized me y for, the marine acid being reckoned the 
weakeft of the three mineral acids, 1 did not think 
that it had been capable of diflodging the oil of 
vitriol from this fubftance; but I found that it had 
the very fame effe£t both upon alum and nitre; the 
vitriolic acid in the former cafe, and the nitrous in 
the latter, giving place to the ftronger vapour of 
fpirit of fait. 

The ruft of iron, and the precipitate of nitrous air 
made from copper* alfo imbibed this vapour very 
faft, and the little that remained of it was inflam- 
mable .air i which proves, that thefe calces con- 
tain phlogifton. It feems alfo to be pretty evi- 
dent, from this experiment, that the precipitate 
above-mentioned is a real calx of the metal, by the 
folution of which the nitrous air is generated. 

As fome remarkable circumftances attend the ab- 
forption of this vapour of fpirit of fait, by the fub- 
ftances above-mentioned, I fhall briefly mention 
them. 

Spirit of wine abforbs this vapour as readily as 
water itfelf, and is increafed in bulk by that means. 
Alfo, when it is faturated, it diflblves iron with as 
much rapidity, and ftill continues inflammable. 

Oil of olives abforbs this vapour very flowly, and* 
at the fame time, it turns almoft black, and becomes 
glutinous. It is alfo lefs mifcible with water, and 
acquires a very difagreeable fmell. By continuing 
upon the furface of the water, it became white, and 
its offenfive fmell went off in a few days. 

Oil of turpentine abforbed this vapour very faft, 
turning brown, and almoft black. No inflammable 
air was formed, till I xaifed more of the vapour than 
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the oil was able to abforb, and let it ftand a cdnfc* 
derable time ; and ftill the air was but weakly in- 
flammable* The fame was the cafe with the oil of 
olives, in the laft mentioned experiment; and it 
feems to be probable, that, the longer this acid va- 
pour had continued in con tad with the oil, the more 
phlogifton it would have extracted from it. It is 
not improbable, but that, in the intermediate ftate* 
before it becomes inflammable air, it may be nearly 
of the nature of common air. 

Beeswax abforbed this vapour very (lowly. About 
the bignefs of a hazel-nut of the wax being put to 
three ounce meafures of the vapour, the vapour was 
diminished one half in two days, and* upon the admit* 
fion of water, half of the remainder alfo difappeared* 
This air was ftrongly inflammable. 

Charcoal abforbed this vapour very faft. About 
one fourth of it was rendered immifcible in water* 
and was but weakly inflammable. 

A fmall bit of phofphorus, perhaps about half a 
grain* fmoked, and gave light in the vapour of fpirit 
of fait, juft as it would have done in common air 
confined. It was not fenfibly wafted after continuing 
about twelve hours in that ftate, and the bulk of the 
vapour was very little dimimflied. Water being ad- 
mitted to it abforbed it as before, except about one 
fifth of the whole, which was but weakly inflam- 
mable. 

Putting feveral pieces of Sulphur to this vapour^ 

it was abforbed but flowly. In about twenty*four 

hours about one fifth of the quantity had difappeared $ 

and water being admitted to the remainder* very little 
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more was abforbed. The remainder was inflammable, 
and burned with a blue flame. 

Nowithftanding the affinity which this vapour of 
fpirit of fait appears to have with phlogifton, it is not 
capable of depriving all bodies of it, I found that 
dry wood, crufts of bread, and raw flefh, very 
readily imbibed this acid vapour, but did not patt 
with any of their phlogifton to it. All thefe fub- 
fiances turned very brown, after they had been fome 
time expofed to this vapour, and tafted very ftrongly 
of the acid when they were taken out ; but the flefh, 
when wafhed in water, became very white, and the 
fibres eafily feparated from one another, even more 
than they would have done if it had been boiled or 
roafted. 

When I put a piece of faltpetre to this vapour, it 
was prefently furrounded with a white fume, which 
foon filled the whole veffel, exa&Iy like the fume 
which btfrfts from the bubbles of nitrous air, when 
it is generated by a vigorous fermentation, and fuch 
as is feen when nitrous air is mixed with this vapour 
of fpirit of fait. In about a minute, the whole quan- 
tity of vapour was abforbed, except a very fmall quan* 
tity, which might be the common air that had 
lodged upon the furface of the fpirit of fait within 
the phial. 

A piece of alum expofed to this vapour turned yel- 
low, abforbed it as fait as the faltpetre had done, and 
was reduced by it to the form of a powder. The 
furface both of the nitre and alum was, I doubt not, 
changed into common fait, by this procefs. Common 
fait, as might be expe&ed, had no effect whatever on 
this vapour , 

From 
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from confidering the affinity which this vapour 
has with phlogiflon, I was induced to try the effed* 
fcf a mixture of it with nitrous air* Accordingly, to 
two parts of this vapour, I put one part of nitrous 
air, and, in about twenty*four hours, the whole was 
diminifhed to fomething lefs than the original quan- 
tity of the vapour, and was no farther diminifhed by 
the admiffion of water. Holding the flame of a 
candle over this air, the lower part of it burned green, 
but there was no feniible explofion. At different 
times I collected 2\ ounce meafures of this mixture 
of air ; but, upon agitating it in rain-water, it was 
prefently diminifhed to if ounce meafures. In this 
ftate it effervefced with nitrous air, and was confi- 
derably diminifhed by it, but not lb much as com* 
mon air. Some allowance, no doubt, muff be made 
for the fmall quantities of common air, which lodged 
on the top of my phials, when I railed the fume from 
the fpirit of fait j but, from the precautions that I 
made ufe of, I think that very little is to be allowed 
to this circumflance ; and, upon the whole, I am of 
opinion* that this experiment is an approach to the 
generation of common air, or air fit for refpiration* 

I had alfo imagined, that if air diminifhed by the 
proceffes above-mentioned wasafFcfted in this man- 
ner, in confequence of its being faturated with phlo- 
giflon, a mixture of this vapour might imbibe that 
phlogiflon, and render it wholefome again % but I put 
about one fourth of this vapour to a quantity of air 
in which metals had been calcined, without making 
any fenfible alteration in it. I do not, however, in- 
fer from this, that air is not diminifhed by means of 
jphlogifton, fince the air, like fome other fubftatices, 

I i z may 
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may hold the phlogifton too faft, to be deprived of it 
by this acid vapour. 

I (ball conclude my account of tbefe experiments 
with obferving, that the ele&ric fpark is vifible in 
the vapour of fpirit of fait, exactly as it is in common 
air ; and though I kept making "this fpark a confi- 
derable time in a quantity of it, I did not perceive 
that any fenfible alteration was made in it. A little 
inflammable air was produced, but not more than 
might have come from the two iron nails which 1 
made ufe of in taking the fparks. 

Miscellaneous Obs ebvat ion s. 

Many of the preceding obfervations relating to 
the vinous and putrefactive fermentations, I had 
the curiofitjr to endeavour to- afcertain in what 
manner the air would be affe&ed by the acetous 
fermentation. For this purpofe I inclofed a phial 
full of fmall beer in ajar {landing in water, and 
obferved that during the firft two or three days 
there was an increafe of the air in the jar, but 
from that time it gradually decreafed, tillat length 
there appeared to be a diminution of about ^ of 
the whole quantity. During this time, the whole 
Surface of it was gradually covered with, a fcum, 
beautifully corrugated.. After this there was an 
increafe of the air till there was more than the 
original quantity ; but this muft have been fixed 
air, not incorporated with the reft of the mafs ; for, 
withdrawing the beer, which I found ta be four, 
after it had flood 1 8 or 2a days under the jar, and 

pafling 
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paffing the air feveral times through cold water, 
the original quantity was diminifhed about ^. In 
the remainder a candle would not burn, and a 
moufe would have died prefently. The fmell of 
this air- was exceedingly pungent, but different from 
that of the putrid effluvium. A moufe lived per- 
feftly- well in this air,- thus affe&ed with the ace- 
tous fermentation; after it had flood feveral days 
mixed with four times the quantity of fixed am 

All the kinds of fa&itious air on which I have 
yet made the experiment are highly noxious to 
animals, except that which is extracted from falt- 
petre,or alum; but in this even a candle burned juft 
as in common air. In one quantity which I got from 
falt-petre a candle not only burned, but the flame 
was increafed, and fomething was heard like a 
hifling, fimilar to the decrepitation of nitre in an 
open fire. This experiment was made when the 
air was freflv made, and while it probably con- 
tained fome particles of nitre, which would have 
been depofited afterwards. The air was extradted 
from thefe fubftances by putting them, into a gun 
harrel,.which was much corroded and foon fpoiled by 
the experiment. What effect this circumflance 
may have had upon the air I have not confidered. 

November 6, 1772, I had the curiofity to exa- 
mine the ftate of a quantity of this air,, which had 
been extracted from falt-petre above a year, and 
which at firft was perfectly wholefome ; when, to 
my very great furprize, I found that it was be- 
come, in the higheft degree, noxious, It made 
no effervefcence with nitrous air, and a moufe died 
the moment it was put into it, I had not, how- 
ever, wafhed it in rain water quite ten minutes 
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(and perhaps lefs time would have been fufficierit) 
when I found, upon trial, that it was reftored tcr 
its former perfectly wholefome ftate. It effer- 
vefced with nitrous air as much as the bell common 
air ever does, and even a candle burned in it very 
well, which I had never before obferved of any kind 
of noxious air meliorated by agitation in water. 
This feries of fafts, relating to air extra<5ted from 
nitre, appear to me to be very extraordinary and 
important* and, in able hands, may lead to confi- 
derable discoveries. 

'There are many fubftances which impregnate the 
air in a very remarkable manner, but without 
making it noxious to animals. Among other things 
I tried volatile alkaline falts, and camphire, the 
latter of which I melted with a burning glafs, in 
air incloled in a phial. The moufe which was put 
into this air fneezed arid coughed very much, efpe- 
ciaily aftei - it was taken out; but it prefently re 
covered, and did not appear to 'have been fenfibly 
injured. 

Having made fevcral experiments with a mixture 
of iron filing* and brimftone, kneaded to a pafte 
with water, I had the curiofity to try what would 
be the effect of fubftituting brafs duft in the place 
of the iron filings. The refblt was* that when 
this mixture had flood about three weeks, in a 
given quantity of air, it had turned black, but wad 
not increafed in bulk. The air alfo was neither 
lenfibly increafcd ilof decreafed, but the nature. of 
it was changed, for it extinguished flame, it would 
have killed a moufe prefently, and was notreflored 
by fixed air, which had been mixed with it feveral 

clays. 
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[ 2 47 ] 

I have frequently mentioned my having, at one 
time, expofed equal quantities of different kinds of 
air in jars {landing in boiled water. The common 
air in this experiment was diminished four fevenths, 
and the remainder extinguished flame. This ex- 
periment demon ft rates that water does not abforb 
air equally, but that it decompofes if, taking one 
part, and leaving the reft. To be quite fure of 
this fa£t, I agitated a quantity of common air in 
boiled water,, and when I had reduced it from ele- 
ven ounce meafures to ieven, I found that it extin- 
guished a candle, but a moule lived in it very well. 
At another time a candle barely went out when 
the air was diminished one third, and at other 
times I have found this effe£t take place at other 
very different degrees of diminution. This dif- 
ference I attribute to the differences in the ftate o$ 
the water with refpe<£t to the air contained in it ; 
for fometimes it had Stood longer than at other 
times before I made ufe of it. I alfo ufed diftilled 
water, rain water, and water out of which the air 
had been pumped, promifcuoufly with rain water. 
I even doubt not but that, in a certain State of the 
water, there might be no fenfible difference in the 
bulk of the. agitated air, and yet at the end of the 
procefs it would extinguish a candle, air being Sup-* 
plied from the water in the place of that part of 
the common air which had been abSbrbed. . 

It is certainly a little extraordinary that the very 
fame procefs Should lb far mend putrid air, as to re- 
duce it to the Standard of air in which candles have 
burned out ; and yet that it Should fo "far injure com- 
mon and wholefome air, as to reduce it to about 

the 
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the fksie ftandard : but fo the fa£l certainly is. If 
air exfinguifh flame in confeqnence of its being 
previoufly Saturated with phlogifton, it muft, in 
this cafe, have been transferred from the water 
to the ain 

To 'a quantity of common air, thus diminished 
by agitation in water, till it extinguifhed a candle, 
I put a plant, but it did not fo far refiore it as 
that a candle would burn in it again ; which to 
me appeared not a little extraordinary, as it did 
not feem to be in a Worfe (late than air in which 
candles had burned out, and which had never 
failed to be reftored by the fame means. I had 
no better fuccefs with a quantity of permanent 
air ; which I had colle&ed from my pump water. 
Indeed thefe experiments were begun before t 
•was acquainted with that property of nitrous air, 
which makes it fo accurate a meafure of the good- 
nefs of other kinds of .air ; and it might perhaps 
be rather too late in the year when I made the 
experiments. Having negle&ed thefe two jars of 
air, the plants died and putrefied in both of them; 
and then I found the air in them both to be highly 
noxious, and to makejioefFervefeenee with nitrous 
air. 

I found that a pint of my pump water con- 
tains about one fourth of an ounce meafure of aii% 
one half of which was afterwards ablbrbed by 
{landing in frefh pump water^ A candle would 
not burn in the air, but a moufe lived hi it very 
well. Upon the whole, it feenied to be in about 
the fame ftate as air in which a candle had burned 

out. *i 
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1 once imagined that, by mere ftagnatiott, air 
might become unfit for refpiration, or at lead for 
thfe burning of candles; but if this be the cafe> 
and the change be produced gradually, it mult 
require a long time for the purpofe. For on the 
22d of September 1772, I examined a quantity of 
common air, which had been kept in a phial, 
without agitation, from May 1771, and found it 
to be in no refpeft worfe than frefh air, even by 
the teft of the nitrous air. 

The crvftallization of nitre makes no fenfible 
alteration in the air in which the procefs is made. 
For this purpofe \ diffolved as much nitre as a 
quantity of hot water would contain, and let it 
cool under a receiver, {landing in water, 

November 6, 1772, a quantity of inflammable 
air, .which, by long keeping, had come to ex- 
tinguifh flame, Iobferved to imell very much like 
•common air in which a mixture of iron filings 
and brimflone had flood. It was not, however, 
quite fo ftrong, but it was equally noxious, 

Bifmuth and nickel are diffolved in the marine 
acid with the application of a confiderable degree 
of heat ; but little or no air is got from either of 
them; but, what I thought a little remarkable, 
both of them fmelled very much like Harrowgate 
water. This fmell I have met with feveral times 
in the courfe of my experiments, and in proceffes 
verv different from one another. 

As I generally made ufe of mice .in the ex- 
periments which relate to refpiration, and fome 
perfons may chufe to repeat them after me, and 
purfue them farther than I have done ; it may be 
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of ufe to them to be informed, that I kept them 
without any difficulty in glafe receivers, open at 
the top and bottom, and having a quantity of 
paper, or tow, in the infide r which fhould be 
changed every three or four days ; when it will 
be mod convenient alfo to change the veflfel, and 
wafh if. But they muft be kept in a< pretty exadt 
temperature, for either much heat or much cold 
kills them prefently. The place in* which I have 
generally kept them is a fhelf over the kitchin 
fire place, where, as it is ufuai in Yorkfhire, the 
fire never goes out ; fo that the heat varies very 
little ; and I find it to be at a medium about 70 
degrees of Fahrenheit's thermometer. When they 
had been made to pafs through the water, as they 
neceflarily muft be, in order to a change of air, 
they require, and will bear a very confiderable de* 
gree of neat, to warm and dry them. 

I found, to my great furprize, in the courfe cf 
thefe experiments, that mice will live intirely 
without water; for though I have kept fome of 
them for three or four months* and have offered 
them water feveral times, they would never tafte 
it* ; and yet they continued in perfeft health and 
vigour. Two or three of them will live very 
peaceably together in the fame veflel ; though I 
had one inftance of one moufe tearing another 
almoft in. pieces, though there was plenty of 
provifions for both of them* 

The apparatus with which the principal of 
the preceding experiments were made is exceed- 
ingly iimple, and cheap. The drawing annexed 
(Tab. IX.) exhibits a view of every thing that ia 
moft important in it- 

A is 
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A is an oblong trough, about eight inches 
deep, kept nearly full of water, and B, B are jars 
{landing in it, about ten inches long, and two and 
a half wide ; fuch as I have generally ufed for 
eledtrical batteries. 

C, C are flat flones, funk about an inch, or half 
an inch, under the water, on which veflels of any 
kind may be Conveniently placed, during a courfe 
of experiments. 

D, D are pots nearly full of water, in which 
jass or phials, containing any kind of air, to which 
plants or any other fubftances may be expofed, 
and having their mouths immerfed in water ; fo 
that the air in the infide can have no communication, 
with the external air. 

E is a fmall glafs veflel, of a convenient fize for 
putting a moufe into it, in order to try the whole* 
fbmenefs of any kind of air that it may Contain. 

F is a cylindrical glafs veflel, five inches in length* 
and one in diameter, very proper for trying whe* 
ther any kind of air will admit a candle to burn 
in it. For this purpofe a bit of wax candle, G, 
may be fattened to the end of a wire, H, and 
turned up in fuch a manner as to be let down into 
the veflel with the flame upwards. The veflel 
fhould be kept carefully covered till the moment 
that the candle is admitted to it. In this manner 
I have frequently extinguished a candle above 
twenty times in one of thefe veflels full of air, 
though it is impoflible to dip the candle into it, 
without giving the external air an opportunity of 
mixing with it, more or lefs. 

K k 2 lis 
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I is a funnel of glafs or tin, which is neceflary 
for transferring air into veflels which have narrow 
mouths. 

K is a glafs fyphon, which is very ufeful for 
drawing air out of a veflel which has its mouth 
immerled in water, and thereby raifing the water 
to whatever height may be moft convenient. I do 
not think it by any means fafe to depend upon a 
valve at the top of a veflel, which Dr. Hales very 
often made ufe of; for, fince my firft difappoint- 
ments, I have never thought the communication 
between the external and internal air fufficiently 
cut off, unlefs glafs, or a body of water, or, in 
fome cafes, quickfilver, have intervened between 
them. 

L is a piece of a gun barrel, clofed at one end, 
having the ftera of a tobacco-pipe luted to the 
other. To the end of this pipe I fometimes faften- 
ed a flaccid bladder, in order to receive the air dif- 
charged from the fubflance contained in the bar- 
rel ; but, when the air was generated flowly, I com- 
monly contrived to put this end of the pipe under 
a veflel full of water, and ftanding with its mouth 
Inverted in another veflel of water, that the new 
air might have a more perfect feparation from the 
external air than a bladder could make, 

M is a fmall phial containing fome mixture that 
will generate air. This air pafles through a bent 
glafs tube inferred into the cork at one end, and 
going under the edge of the jar N at the other ; 
the jar being placed with part of its mouth pro- 
jecting beyond the flat flones C C for that pur- 
pofe» 
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AN APPENDI X, 



Containing an account of fome experiments 
made by Mr, Hey, which prove that there 
is no oil of vitriol in water impregnated 
with fixed air extra&ed from chalk by oil 
of vitriol ; and alio a letter from Mr. Hey, to 
Dr. Prieftley, concerning the effeds of 
fixed air applied by way of clyfter. 

Experiments to prove that there is no 
oil of vitriol in water impregnated 

WITH FIXED AlR. 

It having been fuggefted, that air arifing from 
a fermenting mixture of chalk and oil of vitriol 
might carry up with it a fmall portion of the 
vitriolic acid, rendered volatile by the a£t of fer- 
mentation ; I made the following experiments, in 
order to difcover whether the acidulous tafte, 
which water impregnated with fuch air affords, 
was owing to the prefence of any acid, or only to 
the fixed air it had abforbed. 

Experiment L 

I mixed a tea-fpoonful of lyrnp of violets with 
an ounce of diftilled water, faturated with fixed 
air procured from chalk by means of the vitriolic 
acid ; but neither upon the firft mixture, nor after 

z {landing 
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Handing 24 hours, was the colour of the fyrup at 
all changed* except by its fimple dilution • 

Experiment II. 

A portion of the fame diftilled water, ^ unim* 
pregnated with fixed air, was mixed with the 
fyrup in the fame proportion: not the leaft differ* 
ence in colour could be perceived betwixt this 
and the above mentioned mixture. 

Experiment 111* 

One drop of oil of vitriol being mixed with a 
pint of the fame diftilled water, an ounce of this 
water was mixed with a tea-fpoonful of the fyrup. 
This mixture was very diftinguifhable in colour 
from the two former, having a purplifh caft, which 
the others wanted. 

©XFEltlMETSTT IV. 

The diftilled water impregnated with fo fmali & 
quantity of vitriolic acid having a more agreeable 
tafte than when alone, and yet manifefting the 
prefence of an acid by means of the fyrup of vio- 
lets ; I fubjedted it to feme other tefts of acidity. 
It formed curds when agitated with foap, lathered 
with difficulty, and very imperfe&ly ; but not the 
leaft ebullition could be discovered upon dropping in 
fpirit of fal ammoniac, or folution of fait of tartar, 
though I had taken care to render the latter free 
ftom caufticity by impregnating it with fixed air. 

Ex* 
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Experiment V. 

The diftilled water faturated with fixed air neither 
effervefced, nor (hewed any clouds, when mixed with 
the fixed or volatile alkali. 

Experiment VI. 

No curd was formed by pouring this water upon 
an equal quantity of milk, and boiling them toge- 
ther. 

Experiment VII. 

When agitated with foap, this water produced 
curds, and lathered with feme difficulty; but not fo 
much as thediftilled water mixed with vitriolic acid 
in the very fmall proportion above- mentioned. The 
fame diftilled water without any impregnation of 
fixed air lathered with foap without the leaft previous 
curdling. River water, and a pleafant pump water 
not remarkably hard, were compared with thefe. 
The former produced curds before it lathered, but 
not quite in fo great a quantity as the diftilled water 
impregnated with fixed air : the latter caufed a 
ftronger curd than any of the others above-men- 
tioned. 

Experiment VOL 

Apprehending that the fixed air in the diftilled 

water occasioned the coagulation, or feparation of 

the oily part of the foap, only by deftroying the 

caufticity of the lixivium, and thereby rendering the 

K k 4 union 
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union lefs perfeft betwixt that and the tallow, and 
not by the prefenee of any acid ; I impregnated a 
frefh parcel of the fame diftilted water with fixed 
air, which had pafled through half a yard of a wide 
barometer tube filled with fait of tartar ; but this 
water caufed the fame curdling with foap as the former 
had done, and appeared in every refpeft to be exa£Uy 
the fame. 

Experiment IX. 

Diftilled water faturated with fixed air formed a 
white cloud and precipitation, upon being mixed 
with a folution of faccharum faturnu I found like- 
wife, that fixed air, after paffing through the tube 
filled with alkaline fait, upon being let into a phial 
containing a folution of the metallic fait in diftilled 
water, caufed a perfett feparation of the lead, in form 
of a white powder; for the water, after this precipi- 
tation, fhewedno cloudinefs upon a frefh mixture of 
the fubftances which had before rendered it opaque. 
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A Letter from Mr. Hey to Dr. Priestley, con- 
cerning the Effeds of fixed Air applied by way 
of Clyfter. 

Leeds, Feb, 15th, 1772. 

Reverend Sir, 

Having lately experienced the good effe&s of 
fixed air in a putrid fever, applied in a manner, I 
believe, not heretofore made ufe of, I thought it 
proper to inform you of the agreeable event, as 
the method of applying this powerful corre£tor 
of putrefa&ion took its rife principally from your 
observations and experiments on factitious air ; 
and now, at your requeft, I fend the particulars 
of the cafe 1 mentioned, to you, as far as concerns 
the adminiftration of this remedy. 

January 8, 1772, Mr. Lightbowne, a young 
gentleman who lives with me, was feized with a 
fever, which, after continuing about ten days, 
began to be attended with thofe fymptoms that 
indicate a putrefcent ftate of the fluids. 

1 8th, His tongue was black in the morning 
when I firft vifited him, but the blacknefs went 
off in the day-time upon drinking : He had begun 
to doze much the preceding day, and now he took 
little notice of thofe that were about him: His 
belly was loofe, and had been fo for fome days : 
his pulfe beat no ftrokes in a minute, and was 
rather low : he was ordered to take twenty five 
grains of Peruvian bark with five of tormentill 
root in powder every four hours, and to ufe red 
wine and water cold as his common drink. 

VoL.LXIL LI 19th, 
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19th, I was called to vifit him early in the 
morning, on account of a bleeding at the nofe 
which had come on : he lofl: about eight ounces 
of blood, which was of a loofe texture: the 
haemorrhage was fuppreffed, though not without 
fome difficulty, by means of tents made of foft 
lint, dipped in cold water ftrongly impregnated 
with tin&ure of iron, which were introduced 
within the noftrils quite through to their pofterior 
apertures; a method which has never yet failed 
me in like cafes. His tongue was now covered 
with a thick black pellicle, which was not di- 
minifhed by drinking : his teeth were furred with 
the fame kind of fordid matter, and even the roof 
of his mouth and fauces were not free from it : 
his loofenefs and ftupor continued, and he was 
almoft inceffantly muttering to himfelf : he took 
this day a fcruple of the Peruvian bark with ten 
grains of tormentill every two or three hours : 
a ftarch clyfter containing a drachm of the com- 
pound powder of bole, without opium, was given 
morning and evening : a window was fet open in 
his room, though it was a fevere froft, and the 
floor was frequently fprinkled with vinegar. 

20th, He continued nearly in the fame ftate : 
when rouzed from his dozing, he generally gave 
a fenfible anfwer to the queftions afked him; but 
he immediately relapfed, and repeated his mutter- 
ing. His ikin was dry, and harfh, but without 
petechia* He fometimes voided his urine and 
faces into the bed, but generally had fenfe enough 
to afk for the bed-pan : as he now naufeated the 
bark in fubftance, it was exchanged for Huxham's 

tinififcure, 
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tinfturc, of which he took a table-fpoonful every 
two hours in a cup-full of cold water: he drank 
fometimes a little of the tin&ure of rofes, but 
his common liquors were red wine and water, or 
rice water and brandy acidulated with elixir of 
vitriol : before drinking, he was commonly requeft- 
ed to rinfe his mouth with water to which a little 
honey and vinegar had been added. His loofenefs 
rather increafed, and the ftools were watery, 
black, and foetid : It was judged neceffary to mo- 
derate this difcharge, which feemed to fink him, 
by mixing a drachm of the theriaca Andromachi 
with each clyfter. 

2 1 ft. The fame putrid fymptoms remained, and 
zfubfultus tendinam came on : his ftools were more 
foetid ; and fo hot, that the nurfe affured me fhe 
could not apply her hand to the bed-pan, imme- 
diately after they were difcharged, without feeling 
pain on this account : The medicine and clyfters 
were repeated. 

Reflecting upon the difagreeable neceffity we 
feemed to lie under of confining this putrid matter 
in the inteftines, left the evacuation fhould deftroy 
the vis vita before there was time to correct its 
bad quality, and overcome its bad effects, by the 
means we were ufing ; I confidered, that, if this 
putrid ferment could be more immediately cor- 
re&ed, a ftop would probably be put to the flux, 
which feemed to arife from, or at leaft to be en- 
creafed by it; and the fomes of the difeafe would 
likewife be in a great meafure removed. I thought 
nothing was fo likely to effe£t this, as the intro- 
duction of fixed air into the alimentary canal, 

L 1 2 which, 
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which, from the experiments of Dr. Maebnde* ancf 
thofe you have made fince his publication* appears 
to be the moft powerful corre&or of putrefa&ion 
hitherto known. I recolle&ed what you had reconn- 
mended to me as deferving to be tried mi putrid diff 
eafes, I mean, the inje&ion of this, kind of air by 
way of clyfter* and judged that in the prefent cafe 
fuch a method was clearly indicated* 

The next morning I mentioned my reflexions to 
Dr. Hird and Dr. Crowther,, who kindly attended 
this young gentleman at my requeft, and propofed 
the following method of treatment, which, with 
their approbation, was immediately entered upon. 
We firft gave him five grains of ipecacoanha, to 
evacuate in the moft eafy manner part of the putrid 
colluvies : he was then allowed to drink freely of 
brifk orange- wine r which, contained a good deal of 
fixed air, yet had not loft its fweetnefs: the tinfture 
of bark was continued, as before; and the water, 
which he drank along with it, was impregnated 
with fixed air from, the atmofphere of a large vat of 
fermenting wort, in the manner I had learned from 
you : inftead of the aftringent, air alone was injected* 
colle&ed from a fermenting mixture, of chalk and oil 
of vitriol : he drank a bottle of orange-wine in the 
courfe of this day, but refufed any other liquor exr 
cept water and his medicine: two bladders fulh of 
air were thrown up in the afternoon. 

23d. His ftools were lefs frequent;, their heat 

like wife and peculiar f&tor were coniiderably dimir 

nifhed: his muttering was much abated, and the 

Jubfultus tendinum had left him. Finding that part 

of the air was rejected wheu given with a bladder in 

the. 
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the ufual way, I contrived a method of inje&ing it 
which was not fo liable to this inconvenience. I 
took the flexible tube of that inftrument which is 
ufed for throwing up the fume of tobacco, and tied 
a fmall bladder to the end of it that is conne&ed 
with the box made for receiving the tobacco, which 
I had previoufly taken off from the tube: I then put 
fome bits of chalk into a fix ounce phial until it was 
half filled; upon thefe I poured fuch a quantity of 
oil of vitriol as I thought capable of faturating the 
chalk, and immediately tied the bladder, which I 
had fixed to the tube, round the neck of the phial : 
the clyfterpipe, which was fattened to the other end 
of the tube, was introduced into the anus before the 
oil of vitriol was poured upon the chalk. By this 
method the air pafled gradually into the inteftines 
as it was generated ; the rejection of it was in a great 
meafure prevented ; and the inconvenience of keep- 
ing the patient uncovered during the operation was 
avoided* 

24th, He was fo much better, that there feemed 
to be no neceflity for repeating the clyfters: the 
other means were continued. The window of his 
room was now kept fliut. 

25th, All the iymptoms of putrefcency had left 
him 5 his tongue and teeth were clean; there re- 
mained no unnatural blacknefs oxjcetor in his ftools, 
which had now regained their proper confidence $ 
his dozing and muttering were gone off; and the 
difagreeable odour of his breath and perfpiration was 
no longer perceived. He took nourifhment to-day, 
with pleafure - y and, in the afternoon, fat up an hour 
in his chair. 

His 
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His fever, however, did not immediately leave 
him -, but this we attributed to his having caught cold 
from being incautioufly uncovered, when the win- 
dow was open, and the weather extremely fevere $ for 
a cough, which had troubled him in fome degree 
from the beginning, increafed, and he became like- 
wife very hoarfe for feveral days, his pulfe, at the 
fame time, growing quicker : but thefe complaints 
alfo went off, and he recovered, without any return 
of the bad fymtoms above-mentioned. 

I am, Reverend Sir, 

Your obliged humble fervant, 

W m Hey. 



P. S. 

OSober 295 1772. 

Fevers of the putrid kind have been fo rare in this 
town, and in its neighbourhood, fince the com- 
mencement of the prefent year, that I have not had 
an opportunity of trying again the effects of fixed air, 
given by way of clyfter, in any cafe exa&Iy limilar 
to Mr. Lightbowne's. I have twice given water fa- 
turated with fixed air in a fever of the putrefcent 
kind, and it agreed very well with the patients* 
To one of them the aerial clyfters were adminiftred, 
on account of a loofenefs, which attended the fever, 
though the flools were not black, nor remarkably 
hot or foetid, 

Thefe 



[ 263 ] 

Thefe clyfters did not remove the loofenefs, though 
there was often a greater interval than ufual betwixt 
the evacuations, after the injedion of them. The 
patient never complained of any uneafy diftention of 
the belly from the air thrown up, which, indeed, is 
not to be wondered at, confidering how readily this 
kind of air is abforbed by aqueous and other fluids, 
for which fuffieient time was given, by the gradual 
manner of injecting It. Both thofe patients recovered, 
though the ufe of fixed air did not produce a crifis 
before the period on which fuch fevers ufually ter- 
minate. They had neither of them the opportunity 
of drinking fuch wine as Mr, Lightbowne took after 
the ufe of fixed air was entered upon ; and this, pro- 
bably, was forne difadvantage to them. 

I find the methods of procuring fixed air, and im- 
pregnating water with it, which you have published:, 
are preferable to thofe I made ufe of in Mr, Light- 
bowne's cafe. 

The flexible tube ufed for conveying the fume of 
tobacco into the inteftines, I find to be a very con- 
venient inftrument in this cafe, by the method be- 
fore-mentioned (only adding water to the chalk, be- 
fore the oil of vitriol is inftilled, as you dired) : the 
inje&ion of air may be continued at pleafure, without 
any other inconvenience to the patient, than what 
may arife from his continuing in one pofition during 
the operation, which fcarcely deferves to be men- 
tioned, or from the continuance of the clyfter-pipe 
within the anus, which is but trifling, if it be not 
ihaken much, or puflied againft the refturn. 

When I faid in my letter, that fixed air appeared 
to be the greatert correftor of putrefaction hitherto 

L 1 4 known, 
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known, your philofophical refearches had not then 
made you acquainted with that mod remarkably an- 
tifeptic property of nitrous air. Since you favoured 
me with a view of fome aftonifhing proofs of this, I 
have conceived hopes, that this kind of air may like- 
wife be applied medicinally to great advantage. 

W. HL 

A Correction. 

Upon re-examining Dr. Hales' s account of his 
experiments to meafure the diminution of air by re- 
fpiration (Statical Eff ays, Vol.1 . p. 238, 4th edition), 
1 find an error of the prefs, of s %. for t * T ; fo that the 
diminution of air by refpiration, though very various, 
is, I believe, always conftderably lefs than by putre- 
fa&ion, or feveral other caufes of diminution. But 
though I have mentioned this diminution as equal to 
feveral others, nothing material depends upon it ; 
the quality of the air thus diminifhed being, in all 
refpeftsj the fame, notwithflanding the cauTe of in- 
creafe (which, as I have obferved, in this and other 
cafes, co-operates with the caufe of diminution) be 
greater than I had fuppofed. 

I did not endeavour to meafure the quantity of the 
diminution of air by refpiration, as I did that by 
other caufes ; becaufe I imagined that it had been 
done fufficiently by others, and efpecially by Dp* 
Hales* 
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